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ABSTRACT 
Breathlessness is a common complaint amongst seemingly, healthy, 
elderly people, mild exertion being sufficient to illicit extremely 
debilitating sensations. This places an unacceptable physical limitation on 
the individual and reduces their quality of life. Previous investigators 
have suggested that the strength and condition of the respiratory muscles 
are contributing factors in the sensation of breathlessness on exertion 
(Aldrich, 1990; Killian, 1990). Therefore, the aim of the research contained 
within the thesis, was firstly; to characterise the respiratory muscle 
function of a group of healthy elderly subjects, and secondly; to assess the 
influence of inspiratory muscle training upon the genesis of exertional 
breathlessness in healthy, elderly men and women. 
The respiratory muscle strength of a group of healthy, elderly people was 
determined by measuring the maximum static and dynamic respiratory 
pressures on two occasions separated by approximately one week. The 
results suggested the maximum (or minimum) mouth pressure averaged 
over a one second period, measured using a hand-held mouth pressure 
meter (Precision Medical Ltd, U. K. ), represents a reliable and reproducible 
index of respiratory muscle function in healthy, elderly subjects. In 
addition, the data was used to establish a contemporary set of prediction 
equations, and normal values were derived to facilitate the estimation of 
respiratory muscle strength in healthy, elderly subjects. 
Finally, the data suggested that the respiratory muscle function of healthy, 
elderly people declines with advancing age. However, the strength of the 
respiratory muscles does not correlate significantly with indices of body 
size, but is strongly influenced by customary levels of physical activity. 
Breathlessness during both cycle ergometry and treadmill walking was 
measured using both the visual analogue scale and the modified Borg 
scale. For healthy, elderly subjects, poor correlations existed between 
exertional breathlessness and the prevailing level of ventilation. Mean 
breathlessness scores were therefore used as an alternative index of 
breathlessness. The use of this parameter was validated by examining its 
reproducibility during both cycle and treadmill exercise. During cycle 
ergometry, the modified Borg scale provided more reproducible ratings of 
breathlessness than the visual analogue scale. However, a treadmill 
(iii) 
walking protocol was developed, which induces breathlessness safely, and 
during which, elderly people rated their breathlessness reproducibly using 
both the VAS and modified Borg scale. In general, elderly subjects 
preferred using the modified Borg scale. 
Finally, the role of the respiratory muscles in the genesis of exertional 
breathlessness was examined by determining the influence of inspiratory 
muscle training upon the sensation of breathlessness during treadmill 
exercise. Respiratory muscle training, using an inspiratory muscle 
training device, increased the inspiratory muscle strength of healthy, 
elderly men and women by approximately 20% and ameliorated the 
sensation of exertional breathlessness by 21.4%. Inspiratory muscle 
training was also associated with improvements in elderly people's 
subjective perception of their breathing, their ability to perform daily 
routine activities and their "well-being". Together, these results suggest 
that inspiratory muscle training may improve the quality of life of 
healthy, elderly people. 
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CHAPTER ONE 
GENERAL INTRODUCTION 
1-1 What is breathlessness? 
There is no universally accepted definition for breathlessness and the fact 
that this word is used to describe the sensory experience of an 
uncomfortable respiratory sensation does not necessarily mean that the 
sensory experiences are similar between different individuals or during 
exposure to different respiratory stimuli. Breathlessness on exertion is 
experienced by everyone; however, it becomes a symptom of clinical 
concern when it occurs at an inappropriately low level of exertion and 
hence imposes an unacceptable degree of functional limitation. 
In recent years "breathlessness", "dyspnoea" and "shortness of breath" 
have been used interchangeably to describe "an uncomfortable need to 
breathe" (Wilson and Jones, 1989). However, other authors have 
described it as; "difficult or laboured breathing, and there is...... an element 
of subjective discomfort" (Peabody, 1916); "the symptom that arises 
whenever in carrying on the respiratory function difficulty is 
encountered" (Means, 1924); "difficult, painful, bad, or disordered 
breathing" (Christie, 1938); "breathing associated with effort or distress" 
(Richards, 1953); "a symptom, a sensory experience, like pain" (Comroe, 
1956); "the common experience of that feeling of an uncomfortable need to 
breathe" (Adams et al., 1985a, 1985b); "a sensation of laboured breathing" 
(Nisell, 1992). 
In 1966, Comroe gave a definition of what breathlessness j and is not: 
"It is not tachypnoea, which is rapid breathing; it is not hyperpnoea, which 
is increased ventilation in proportion to increased metabolism; it is not 
hyperventilation, which is ventilation in excess of metabolic 
requirements. Instead, dyspnoea is difficult, laboured, uncomfortable 
breathing; it is an unpleasant type of breathing, though not painful in the 
usual sense of the word. It is subjective and, like pain, it involves both 
perception of the sensation by the patient and his reaction to the 
sensation. " 
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This definition of breathlessness would appear to be acceptable to most 
investigators. 
1-2 Possible mechanisms for breathlessness 
Since breathlessness is a respiratory sensation, it is reasonable to suggest 
that the factors contributing to the control of breathing play a role in the 
genesis of the sensation. For example, breathlessness is known to increase 
with increased minute ventilation during exercise (Adams et al., 1985a). 
The prevailing level of ventilation could therefore give rise to the 
sensation of breathlessness (Stark et al., 1981). 
Chemical ventilatory stimuli are associated with breathlessness. 
Progressive hypercapnia and hypoxia induce sensations of breathlessness 
at rest and during exercise (Stark et al., 1981; Adams et al., 1985a; Lane et 
al., 1990). Therefore, it has been suggested that central and peripheral 
chemoreceptor stimulation may be perceived directly as breathlessness 
(Adams and Guz, 1991). 
Afferent information from the vagally mediated pulmonary receptors 
could also be an important contributor to the sensation of breathlessness 
(Paintal, 1973). In the same manner, it has also been hypothesised that 
mechanoreceptive afferent information from the respiratory muscles 
could also contribute to the sensation of breathlessness (Campbell and 
Howell, 1963). Tendon organs are stimulated mechanically by the tension 
developed by the muscle; muscle spindles are stimulated mechanically by 
the extent and velocity of muscle contraction. These signals are 
transduced into a neural firing frequency and transmitted by afferent 
nerves to the central nervous system (Killian and Campbell, 1983). 
Finally, the perception of breathlessness could arise from interneurones 
high in the central nervous system that transduce the intensity of the 
outgoing motor command to the respiratory muscles (ventilatory drive) to 
the sensory cortex (Gandevia, 1988). Each mechanism may play a role in 
breathlessness in isolation, or in combination with one or more of the 
other putative mechanisms. 
2 
1-3 Historical Development of Theories Regarding the Mechanisms of 
Breathlessness 
In 1916, Peabody described breathlessness in patients with cardiac disease. 
He argued that the degree to which any individual manifests a tendency to 
dyspnoea depends on the relationship between the volume of air which 
the patient breathes whilst at rest and the maximum volume which they 
are capable of breathing. The ability to meet adequately the needs of 
increased metabolism such as occurs with muscular exercise depends on 
this "pulmonary reserve". Peabody (1916) argued that in normal subjects 
the "pulmonary reserve" is great and that healthy young men can increase 
their pulmonary ventilation to approximately ten times the volume 
required by their resting metabolism. However, in patients with cardiac 
disease, the circumstances are much less favourable, and various 
conditions arise which reduce the "pulmonary reserve" and make patients 
more readily subject to dyspnoea. According to Peabody (1916), an increase 
of metabolism, or the development of acidosis raises the volume of air 
required whilst at rest; but that increased respiratory rate or a decrease of 
the vital capacity will make the maximum ventilation of which the 
patient is capable much lower than normal. A decrease in the pulmonary 
reserve results, and even moderate exertion causes a rise in metabolism 
and a pulmonary ventilation which produces the subjective sensation of 
breathlessness. 
It is interesting to note that in Peabody's (1916) explanation of 
breathlessness, he makes no account of why "healthy, young men" should 
become breathless at all. Indeed Peabody (1916) states that he experienced 
great difficulty in making normal healthy subjects highly dyspnoeic, 
which he claimed, "showed that in general the respiratory mechanism can 
normally adapt itself to any grade of metabolism that the body can 
produce. " 
Means (1924) followed a similar line of argument. He suggested that 
breathlessness occurred whenever "the respiratory mechanism cannot 
with ease functionate to the extent that the bodily processes require. " In 
other words, Means (1924) suggested that dyspnoea becomes a question of 
"demand for and supply of, pulmonary ventilation". Means (1924) 
illustrated his theory by describing a number of pathological conditions 
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that give rise to breathlessness; increased metabolism; disturbance of the 
acid-base balance; difficulty in oxygen transport; mechanical and nervous 
"hindrance to respiratory movements"; cardiac dyspnoea; and dyspnoea in 
pneumonia. 
Despite these observations, Means (1924) also offered no explanation of 
why apparently normal, healthy subjects should become breathless on 
exertion. Both Peabody (1916) and Means (1924) stated that breathlessness 
arises when the demand for ventilation outstrips the supply, but neither 
author seems to have explained the mechanism by which this respiratory 
insufficiency is sensed, i. e., which neuro-physiological pathways are 
responsible for the perception of breathlessness. 
Christie (1938) tackles this issue by stating that "the immediate cause of the 
respiratory effort must be stimulation of some part of the nervous 
mechanism which controls respiration". Christie (1938) argued that 
breathlessness must be caused by chemical stimuli (a change in the 
respiratory centre), reflex stimuli (exaggeration of the reflexes arising in 
the lung), or stimuli from the higher centres. 
With respect to chemical stimuli, Christie (1938) dismissed oxygen lack as 
a potential cause for breathlessness. Noting previous work done by 
.. 
Haldane and Priestley (1935), in which these investigators had observed 
no, or only slight increases in the amount of air breathed during very 
serious anoxaemia and carbon monoxide poisoning, Christie (1938) 
described two common clinical experiences: "A miner with carbon 
monoxide poisoning or a person at very high altitude may lapse into coma 
without any suggestion of respiratory distress. In many cases there may be 
slight hyperventilation but even this is often absent. The only conclusion 
that can be drawn from these straightforward observations is that 
anoxaemia does not cause dyspnoea. " 
Christie (1938) was equally dismissive of acidosis; he argued that this 
condition caused hyperventilation through stimulation of the respiratory 
centre and possibly, to a lesser degree, by stimulation of the carotid sinus. 
Furthermore, he went on to state that, "there is f evidence that acidosis 
plays a significant role in the dyspnoea of the pneumonias or cardiac 
failure. " Instead, Christie (1938) supported the idea that breathlessness was 
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caused by reflex stimuli arising from the lung. He suggested that "the 
stimulus probably arises in the vagal nerve endings in the lungs". 
Christie (1938) proposed that this stimulation was important when the 
pulmonary congestion caused increased rigidity of the lung and suggested 
that this mechanical limitation caused breathlessness. 
Finally, Christie (1938) noted that respiration was highly sensitive to 
voluntary control and to the emotions. Furthermore, dyspnoea was a 
frequent complaint in both hysteria and anxiety neuroses. From this 
evidence Christie (1938) argued that the higher centres must play an 
important role in breathlessness. Thus, Christie (1938) went some way 
towards explaining why it was possible for breathlessness to be a normal 
sensation as well as a sensory experience associated with various disease 
processes. He also drew attention to a simple observation; chemical 
stimuli alone did not cause dyspnoea. 
In 1950, Harrison hypothesised that dyspnoea was produced when the 
work of the respiratory muscles exceeded the capacity of the circulation to 
supply them with oxygenated blood. At this point, chemical products of 
anaerobic metabolism accumulated locally, stimulating sensory receptors 
in the muscle and sending impulses via sensory nerves to the brain. 
These impulses are perceived as breathlessness by the sensory cortex. 
Harrison's (1950) concept explained dyspnoea in both patients and normal 
subjects but, though attractive in its simplicity, the theory falters because 
sensory nerve block (e. g. by differential spinal anaesthesia), which should 
relieve all types of dyspnoea, does not (Comroe, 1956). 
Richards (1953) again studied a number of clinical cases in which 
breathlessness was a symptom and concluded, unlike Christie (1938), that 
dyspnoea "is a very different entity from one disease to another". 
Richards (1953) failed to explain why breathlessness should occur in 
normal healthy subjects and suggested that "dyspnea of the athlete, the 
mountain climber, a powerful muscular effort that becomes a part of the 
exhilaration of utmost physical effort" is "very different " from 
breathlessness experienced by "the asthmatic, the man suffocating from a 
tracheal tumour, or the patient with cardiac disease". Richards (1953) did 
not allude to the neural mechanism that led to the perception of 
breathlessness, but instead concluded that, "it can be thought of as a 
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balance between breathing capacity and breathing effort, on the one hand 
and on the other, the actual ventilation produced by the existing 
respiratory stimulus". 
A few years later, Julius Comroe (1956) re-addressed the issue of the 
neurophysiological mechanisms that contribute to breathlessness. He 
reported that breathlessness was "a symptom, a sensory experience which, 
like pain, can be perceived and judged only by the patient". Investigators 
such as Richards (1953) considered only the pathological conditions that 
manifested themselves by the production of the symptom of 
breathlessness. Comroe (1956), by linking breathlessness to pain, was 
suggesting an underlying neurophysiological mechanism that was 
common to all disease processes as well as breathlessness in healthy 
subjects. He suggested at the time, that research should focus on the 
search for "receptors, sensory pathways and thalmic or cortical centres" 
which are responsible for the perception of respiratory discomfort and for 
the reaction to these unpleasant stimuli. Comroe (1956) suggested that the 
sensory pathways may be the same mechanoreceptors or chemoreceptors 
involved in the normal process of breathing but that a barrage of 
impulses, or a change in the pattern of impulses along these pathways, 
directed to the medullary respiratory centre, caused the conscious 
perception of respiratory discomfort. As for the location of these receptors, 
Comroe (1956) suggested they might be found, "in the tissues surrounding 
the airway, in the alveoli, the pulmonary circulation, the pulmonary 
parenchyma, the pleura, the bones or joints or ligaments of the thoracic 
cage, or in the muscles of respiration. " 
Explaining breathlessness simply in terms of a decrease in ventilatory 
reserve below the range of healthy persons when compared at the same 
level of activity, such as Means (1924) and Richards (1953), implies that the 
important factor in causation of breathlessness is a specific decrease in the 
ventilatory reserve. Comroe (1956) argued that this was not necessarily 
the case, and indeed this is not the case in normal subjects who experience 
breathlessness on exertion. 
A decade later, Comroe (1966) was able to go further in his explanation of 
the mechanisms contributing to breathlessness. Again he re-inforced his 
conviction that dyspnoea must be related somehow to the act of breathing 
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but that functional limitation alone did not provided the answer. He 
endorsed Campbell and Howell's (1963) theory of length : tension 
appropriateness as "the most comprehensive and satisfying concept" 
available at the time. 
In their pioneering paper, Campbell and Howell (1963) described a number 
of experiments they had performed to establish the ability of normal 
subjects to detect mechanical loads added to their breathing. They 
mimicked the mechanical situation facing the respiratory muscles when 
the chest wall becomes stiff (less compliant) or when the airways become 
narrower (more resistive). Campbell and Howell (1963) found that 
normal subjects could detect elastic loads of about 2.5 cm H20.1". s-1 and a 
resistive load of about 0.6 cm H20.14. s4, which they concluded could only 
be explained if pressure was related to volume, or force to displacement: 
"I know there is an additional load to breathing because for the pressure I 
am exerting, the increase in the volume of my chest is less than usual. " 
Analogous reasoning was applied to the resistive loads if 'rate of increase 
of volume' were substituted for 'increase in volume'. To convey this 
interpretation, Campbell and Howell (1963) coined the phrase "length : 
tension appropriateness". Therefore, one's assessment of the ventilation 
achieved for each breath is based not upon displacement (length) alone, or 
force (tension) alone, but upon their relationship with each other and to 
experience, i. e., their "appropriateness". 
In 1966, Campbell modified the theory because, in retrospect, he argued 
that the use of "tension" was not logically necessary and that information 
about length alone would suffice: "I know there is an additional load 
because' the volume of breath I have achieved is less than the volume of 
breath I demanded". 
Mechanical disturbances of the chest or lungs produce length : tension 
inappropriateness. Some mechanical disturbance is usual in most 
conditions causing breathlessness. However, Campbell and Howell (1963) 
accepted that this is not always the case; for example, in breathlessness 
brought about by increased breathing, such as occurs in normal subjects 
during exercise, particularly as ventilation is increased towards the limit of 
capacities. They argued that in general, breathlessness arising in these 
different situations stemmed from the same neurophysiological 
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mechanisms. Campbell and Howell (1963) believed that throughout life 
we have learnt how much breathing is appropriate for a given physical 
activity as well how much muscular effort is appropriate for any given 
movement, or how much respiratory muscular effort is appropriate for 
any given amount of breathing. Should the volume of breathing be 
increased as for example, by altitude or acidaemia, Campbell and Howell 
(1963) suggested that it is recognised to be inappropriate and this, rather 
than any discomfort in the act of breathing, is the substance of the 
sensation of breathlessness. This inappropriateness requires a conscious 
modification of breathing which had, by experience, been unconscious. 
This conscious awareness of breathing may well be what is described as 
breathlessness. 
What, however, are the possible neural mechanisms involved in the 
perception of breathlessness ? According to Campbell and Howell (1963), 
the respiratory drive originates in medullary neurones and its magnitude 
depends upon such factors as PC02, [H+] and nervous influences, both 
central and reflex. After it is integrated with information about the 
mechanical state of the lungs, received via the vagus, this drive is 
converted into rhythmic nervous activity. This nervous activity 
represents the demand for tidal volume at the desired frequency of 
breathing. This demand is directed along a motor neurones to the 
extrafusal muscle fibres and y motor neurones to the intrafusal muscle 
fibres. Provided that the extrafusal muscle fibres shorten to the same 
degree as the intrafusal fibres, there will be no misalignment of the two 
systems and the output of the receptor which links these two systems, the 
annulo-spiral receptor of the muscle spindle, would then be unchanged. If 
the contraction of the muscle is opposed by a load, misalignment of the 
intrafusal and extrafusal fibres in the muscle is increased. This 
misalignment is detected by the spindle receptors and causes additional 
stimulation of the extrafusal fibres in an attempt to restore the alignment 
of the two systems. This reflex "control" system provides the information 
regarding the tension developed within the respiratory muscles, whilst 
the central demand for tidal volume is an equivalent of length 
(displacement). Projection of this information to the level of 
consciousness provides the parameters necessary for the sensation of 
breathlessness. Length : tension inappropriateness is reflected by 
alterations in the outputs from these two sources. In other words, the act 
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of breathing involves the participation of motor control mechanisms 
which adjust the tension developed by the inspiratory muscles so that they 
change in length by the amount appropriate to the tidal volume 
demanded. According to Campbell and Howell (1963) a disturbance of the 
normal relationship between information about length and information 
about tension in the control system gives rise to breathlessness. 
An alternative hypothesis was proposed by Paintal (1969), who suggested 
that stimulation of juxta-pulmonary capillary (J) receptors within the lung 
are responsible for the sensation of breathlessness. These receptors he 
argued, "are presumably located in the alveolar interstitial space", and are 
stimulated by pulmonary congestion or increased interstitial fluid 
pressure which, via the vagi, normally causes an increase in respiratory 
frequency. 
Roussos and Macklem (1977) on the other hand, suggested a role for the 
respiratory muscles in the perception of breathlessness. These 
investigators showed that normal people could generally generate up to 
40% of their maximum transdiaphragmatic pressure during every breath 
indefinitely, but that generation of higher transdiaphragmatic pressures 
could only be tolerated for finite times due to the fatigue of the diaphragm. 
This observation, according to Roussos and Macklem (1977), explained 
breathlessness associated with respiratory muscle weakness and the 
unpleasant sensation produced by breathing against mechanical loads. 
Several studies have examined the importance of afferent information 
from the respiratory muscles in the genesis of breathlessness; not all have 
been supportive. These involve respiratory muscle paralysis, or the 
investigation of patients with sensory lesions. Paralisation by curare 
caused one subject to feel short of breath when ventilation was 
temporarily stopped by the paralysis (Smith et al., 1947), and six polio 
victims reported respiratory discomfort when ventilation ceased or when 
inspired C02 levels were increased (Opie et al., 1959). More recently 
Banzett et at. (1989) has shown that quadriplegic patients with sensory 
lesions resulting in no demonstrable diaphragm/ thoracic muscle 
innervation, were able to detect periods of "air hunger" arising from the 
"lungs or chest" during periods of hypercapnia at constant, mechanical, 
ventilation. The same investigators (Banzett et al., 1990) repeated the 
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experiment in normal subjects during complete neuromuscular blockade 
with vecuronium. Again, during constant ventilation, subjects were able 
to distinguish periods of respiratory discomfort which resulted from 
randomised increased in inspired C02 concentration. Whilst this 
evidence would seem to favour chemoreceptor involvement in the 
genesis of breathlessness, it also suggests that information arising from the 
respiratory muscles is not essential for the perception of breathlessness. 
Fishman and Ledlie (1979) reiterated the point that the mechanism for 
breathlessness must be primarily neurophysiological, since the existence of 
the sensation is often unrelated to any disturbance of arterial blood gas 
composition. They argued that the neural pathways involved in the 
perception of breathlessness consisted of those which transmit the 
"dyspnea message" from the respiratory apparatus to the integrating 
centres in the brain, and those concerned with subsequently bringing the 
sensation to the level of consciousness. Fishman and Ledlie (1979) 
suggested that a single sensing mechanism and neural pathway 
responsible for breathlessness did not exist, but noted that a wide 
assortment of receptors is available to sense the "dyspnea signal"; for 
example, pulmonary stretch receptors, irritant receptors, J-receptors, 
receptors in the intercostal muscles, in the joints of the rib cage, or 
diaphragm via the phrenic nerves. 
Centrally, Fishman and Ledlie (1979) hypothesised the way in which 
breathlessness might be perceived by analogy with other sensations. They 
noted that the human brain has an elaborate neural network for the 
discrimination and correlation of sensory impulses, and for the 
recognition of similar preceding experiences. They suggested that 
although some aspects of sensation probably reach consciousness at 
thalamic levels, the primary receptive areas, which receive specific sensory 
impulses from the lower centres of the brain and hence indirectly from 
the peripheral sensory receptors, are in the parietal, occipital and temporal 
regions of the cerebral cortex. Impulses entering these primary areas 
produce sharply defined sensations such as accurately localised touch and 
accurate sensation of position and movement. However, Fishman and 
Ledlie (1979) argued that these signals have not attained the perceptual 
level necessary for the recognition of an object or sensation such as 
breathlessness. This requires the integration of multisensory primary 
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stimuli into progressively more complex sensory patterns until an 
appropriate constellation of patterns is produced and dyspnoca is 
"recognised". This hypothesis therefore implicates afferent sensory 
information from the respiratory apparatus in the genesis of the "dyspnea 
message" and that central integration of this sensory information brings 
this "dyspnea message" to the level of consciousness. 
By the early 1980's therefore, it was fairly well accepted that the 
mechanisms for breathlessness were neurophysiological, and that 
receptors and efferent neurones dedicated solely to the perception of 
breathlessness did not exist. Also, it seemed apparent to many 
investigators that direct chemoreceptor stimulation did not result in the 
perception of breathlessness. 
In 1983, Killian and Campbell added a further dimension to the proposed 
mechanisms for breathlessness. They suggested that an appreciation of the 
muscular effort necessary to bring about ventilation, may be a major 
contributor to the perception of breathlessness. The idea that hunam 
beings are able to sense the intensity of the motor command to muscle in 
general, and the respiratory muscles in particular, is reasonably well 
accepted (McCloskey, 1978; Campbell et at., 1980; Gandevia et al., 1981). It 
has been suggested that this sensation of effort is sensed by efferent copy of 
the outgoing motor command by means of collateral discharge within the 
CNS (Killian, 1990). Killian and Campbell (1983) stated that the sensory 
impression is interpreted in light of previous experience and learning and 
is thus modified by many physiological and psychological processes. These 
investigators were of the view that afferents arising in the airways, lungs 
and pulmonary circulation, contribute to the sensation of breathlessness 
by altering the drives to the respiratory muscles and that the control and 
behaviour of the respiratory muscles are the final common pathway to the 
respiratory sensation commonly meant by the term "breathlessness". 
Killian and Campbell (1983) suggested that the sense of volume and 
displacement of the lungs is achieved by vagally mediated stretch 
receptors, joint receptors and muscle spindles, with the sensory 
information from the respiratory muscles being of dominant importance 
for the judgement of chest volume. Also, the sense of force or pressure 
produced by the respiratory muscles is perceived at the same time as the 
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centrally generated motor command is delivered to the motor neurones, 
by means of collateral discharge within the central nervous system. 
During the act of breathing, the inspiratory muscles generate force and the 
volume displacement achieved in the chest depends on the elastance and 
resistance of the respiratory system. The force of contraction of the 
inspiratory muscles is carefully controlled to achieve required levels of 
ventilation. The intensity and duration of force are dependent not only 
on the metabolic requirements but also on the mechanical state of the 
chest wall and lungs. Afferent feedback from the lung, respiratory muscles 
and chest wall, as described previously, convey information regarding the 
volume (displacement) and force (pressure) achieved. Killian and 
Campbell (1983) therefore support the hypothesis that dyspnoea is 
dependent on the relationship between force and displacement; i. e., 
"length : tension appropriateness". In their opinion, many factors such as 
exercise, mechanical impedance to breathing, hyperpnea, and respiratory 
muscle weakness, contribute to dyspnoea, but that the central unifying 
feature is the force generated by the inspiratory muscles. Killian and 
Campbell (1983) conclude that it is not the force itself, but the effort 
necessary to generate this force that is of primary importance. A conscious 
awareness of the outgoing motor command may therefore be dominant in 
our appreciation not only of muscular effort but also of respiratory 
distress. 
Whilst the theory expressed by Killian and Campbell (1983) is an attractive 
one, there is little experimental evidence in support of their hypothesis. 
Indeed, human subjects are able to distinguish between sensations of 
respiratory effort and breathlessness, and assess them independently 
(Simon et al., 1989; Younes, 1990). However, it would seem reasonable to 
conclude that the effort required to achieve a given ventilation contributes 
to the sensation of breathlessness. 
In the mid-1980s, Adams and co-workers (1985a, 1985b,, 1986) conducted a 
number of experiments to test the hypothesis that direct chemoreceptor 
stimulation could be perceived as breathlessness. Firstly, Adams et al. 
(1985a) demonstrated that both progressive hypoxia and hypercapnia 
induced sensations of breathlessness at a lower ventilation, and which 
were greater at higher ventilations, when compared with exercise. These 
results implied that chemoreceptor activation is perceived as 
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breathlessness. To test this theory, Adams et al. (1985b) examined the 
effect of oscillating hypercapnic and hypoxic ventilatory stimulation on 
the perception of dyspnoea in naive normal subjects and patients with 
respiratory mechanical problems. An oscillating chemical stimulus was 
used in an attempt to dissociate the ventilatory response pattern from the 
arterial blood stimulus by altering the frequency with which it was 
applied. Under these conditions, it was clear that the intensity of 
breathlessness correlated with the prevailing level of ventilation (and 
hence the amount of reflex stimulation predominantly from central 
chemoreceptors in the case of C02 but only by activation of peripheral 
chemoreceptors in the case of 02 ) and not the end-tidal PCO2 or the end- 
tidal P02. Following this, subjects performed voluntary copying of the 
hypercapnic stimulated ventilation. This was associated with a marked 
diminution or complete absence of breathlessness despite equivalent 
levels of peak ventilations achieved, and without a demonstrable change 
in the distribution of muscle movements between chest wall and 
abdomen. Adams et al. (1985b) concluded that the intensity of 
breathlessness depends on the level of effective reflex stimulation of the 
respiratory-related neurones in the medulla and not the perception of 
afferent neural information arising from either the chemoreceptors or 
respiratory mechanoreceptors. This finding has been confirmed more 
recently by Lane et al. (1990) in normal subjects who rated the intensity of 
their breathlessness during exercise alone and then at the same 
ventilation achieved by a combination of exercise and increased inspired 
C02 concentration. The results showed that, relative to ventilation, there 
was no difference in the perceived intensity of breathlessness in the two 
experimental conditions. 
In 1986, Cockcroft and Adams argued, that if one assumes equivalent 
mechanical factors, the reduction in breathlessness seen during voluntary, 
as opposed to reflex hyperpnoea, is evidence that information from 
muscle spindles was not important in the sensation of breathlessness. 
Also, Killian and Campbell's (1983) theory on the mechanism of 
breathlessness assumed that the sensation of breathlessness is the same as, 
or similar to, the sensations during various forms of loaded breathing. 
Cockcroft and Adams (1986) suggested that this may not be the case. They 
suggested that breathlessness is therefore probably not simply an 
awareness of increased ventilation, or sensing the drive to breathe, or due 
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to information arising from the respiratory muscle spindles, but "perhaps 
arises centrally in situations where an increased drive to breathe causes 
efferent respiratory activity". Cockcroft and Adams (1986) stated that, as 
for other sensations, such as pain, perceived breathlessness is modified by 
context, previous experience and psychological factors and that this 
explained the apparent differences between subjects in their experience of 
breathlessness under similar conditions. 
A year later, Cockcroft and Guz (1987) proposed a simple, working 
hypothesis, that breathlessness arises when the drive to beathe becomes 
abnormal, either quantitatively or qualitatively, and is translated at 
medullary level into a motor command. The 'motor command' is the 
sum of all the nervous traffic to all of the muscles involved in the act of 
breathing, and may or may not result in an increase in ventilation but 
which is associated with the sensation of breathlessness in either case. 
Cockcroft and Guz (1987) suggest that clinical observations of patients with 
disease of the medulla, such as poliomyelitis or glioma provided evidence 
for the involvement of motor output from the respiratory centre in the 
medulla in the genesis of breathlessness. These patients fail to show a 
ventilatory response to hypoxia or hypercapnia and, in such situations do 
not usually feel breathless, despite the presence of these ventilatory drives 
and lung deflation. Thus, Cockcroft and Guz (1987) argued that the 
absence of breathlessness was due to the lack of increased motor command 
to the respiratory muscles. 
The voluntary control of breathing, which originates in the cortex, has a 
descending pathway to the phrenic and intercostal anterior horn cells that 
is separate from the "automatic" respiratory centre descending pathways. 
The activation of respiratory muscle anterior horn cells in the spinal cord 
by the voluntary, and by the reflex pathways, have the same results as far 
as the development of respiratory muscle tension and shortening is 
concerned, but quite different results for the perception of breathlessness 
(Adams et al., 1985b; Lane et al., 1990). Also, additional work has shown 
that the voluntary and stimulated ventilation are the same in terms of 
pattern and mechanical work done (Freedman et al., 1987). This, according 
to Cockcroft and Guz (1987), suggests that respiratory muscle afferent 
discharge (the same in the two cases) is unlikely to be relevant in the 
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genesis of breathlessness and that the respiratory centre in the medulla, by- 
passed in the voluntary pathway, may be an important site in its genesis. 
In the same year, Burki (1987) agreed that the intensity of the central 
motor command output, related to the intensity of the reflex, as opposed 
to the volitional stimulation, was of primary importance in genesis of 
dyspnoea. However, Burki (1987) proposed that there must be some 
involvement of afferent information from the respiratory apparatus and 
respiratory muscle activity. Burki (1987) described experiments he had 
performed, in which anaesthesia of the airways had been shown to have 
no effect on subjects' ability to detect added inspiratory loads or to perceive 
the magnitude of these loads. Similarly, spinal blockade up to T1 was also 
shown not to affect load detection ability. Thus, Burki (1987) argued that 
no specific peripheral site is uniquely essential for load detection but that 
several sites may serve this function and that a similar situation must 
apply to breathlessness: i. e., receptors in the airways, diaphragm, or 
intercostal muscles can all be involved, collectively or individually. In 
essence therefore, Burki (1987) supported the theory of "length : tension 
inappropriateness" i. e., that dyspnoea occurs when the ventilatory 
response is no longer adequate to the intensity of the central motor 
command output. 
Killian (1988) stated that breathlessness usually occurs in situations in 
which there is increased activity of the respiratory muscles, such as loaded 
breathing, exercise, or when the muscles are weak. The quality of these 
sensory experiences differs but the intensity of breathlessness is closely 
related to the perceived effort to breathe. Killian (1988) believed that the 
effort, mediated by an awareness of the intensity of motor command, is 
the most important sensory component of perceived breathlessness as it is 
commonly experienced. According to Killian (1988), "the tension 
generated by the inspiratory muscles, the duration of their activity, their 
static strength, the integration of the various inspiratory muscles, the 
length and velocity of their action, mechanical advantage due to geometric 
variability in the orientation of their action, impedance of the system, 
efficiency of gas exchange, metabolic demand, control of ventilation all 
contribute to the intensity of inspiratory effort and breathlessness". 
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Killian (1988) hypothesised that human beings are potentially aware of a 
variety of dimensions of respiratory sensation through similar 
proprioreceptive mechanisms to peripheral skeletal muscles. In response 
to behavioural learning, the normal quantitative relationships between 
these dimensions and graded activity are readily recognised. When the 
effort required to generate a given ventilation changes, or the ventilation 
required to perform a given activity alters, this "inappropriateness" 
reaches consciousness. This may precipitate the recognition of 
breathlessness but according to Killian (1988) it is not the source of the 
sensation. Breathlessness, which Killian (1988) defined as, "discomfort in 
the act of breathing", may have a variety of causes, but he argued that it 
remains uniquely related to respiratory effort. Killian's hypothesis (1988) 
does not explain why "normal" subjects should get breathless during 
exercise, but Aldrich (1990) has suggested that fatigue of the respiratory 
muscles during intense exercise may be a contributing factor. Fatigue of 
the respiratory muscles will reduce their capacity to generate tension; 
hence, the effort required to generate a given ventilation will change and 
this alteration may well, as Killian (1990) argued, precipitate 
breathlessness. 
In a recent review regarding dyspnoea on exertion, Adams and Guz (1991) 
supported the theory that the awareness of motor output to the respiratory 
- muscles (by means of collateral 
discharge within the central nervous 
system), rather than afferent feedback from the muscles themselves, is the 
"most important sensory component of perceived breathlessness". This 
theory now forms the basis of current thinking regarding the genesis of 
breathlessness. However, the role of afferent pathways to the respiratory 
centre in providing information regarding the mechanical state of the 
chest wall and lungs, the volume displacement and pressure generated, 
and chemoreceptor input, cannot be ignored. Integration of all this 
neuronal traffic, whilst not essential in the perception of breathlessness is 
important in altering the "drive" to breathe. Whilst not proven 
experimentally, the suggestion is that previous experience and learning 
have enable human beings to judge an appropriate level of respiratory 
effort necessary to achieve this desired ventilation, deviation from which 
brings breathing to the level of consciousness; the intensity of this 
respiratory effort being of primary importance to the perception of 
breathlessness (Killian and Campbell, 1983). 
16 
1-4 The Potential Role of Respiratory Muscles in the Perception of 
Breathlessness 
Conscious sensation (light, sound, taste, olfaction, touch, muscular forces 
and movement, and sensory experiences such as discomfort when 
breathing) is initiated by physical stimuli that gain entry to the nervous 
system by acting on sensory receptors. The magnitude of the stimuli 
results in a graded alteration in the receptors, which are transformed into 
a graded firing frequency in afferent nerves. The afferent nerve relays the 
conditions at the proximal receptors, coded by the firing frequency, to the 
central nervous system. Central impression of the condition of peripheral 
receptors is formulated, and this information is interpreted in the light of 
previous experience and learning, resulting in conscious sensation. 
Most sensations are not a discrete function of a given receptor or sets of 
receptors operating alone; they involve stimulation of multiple and 
different types of receptors, each operating in a systematic fashion. The 
quality of the sensation is related to the specific receptors stimulated, the 
magnitude of stimulation, and the conditions occurring simultaneously at 
other sets of sensory receptors activated by the same or related stimuli 
(Killian, 1990). 
As mentioned previously (Section 1-2), potential contributors to the 
sensation of breathlessness include the various species of afferents from 
the lungs and the upper and lower airways, and proprioceptive and other 
afferents from all muscles and joints associated with movement of the 
thorax. Volume changes are sensed through muscle spindles and joint 
receptors, similar to position sense in peripheral limb movement and 
tension is sensed through tendon organs (Katz-Salamon et al., 1976; 
Killian, 1986). The centrally generated signals of voluntary motor 
command also contribute to breathlessness (Gandevia, 1988). The idea 
that human beings can sense the intensity of motor command to muscle, 
via collateral discharge of interneurones high in the central nervous 
system, is now fairly well established both for peripheral skeletal muscle 
and respiratory muscles (Gandevia et al, 1981). As motor output increases, 
for example on exercise, respiratory effort increases. Motor command is 
not sensed initially; becomes just noticeable, and increases gradually as 
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exercise intensity increases; finally reaching its peak at maximal exercise 
(Killian, 1990). 
In meeting the ventilatory requirements of exercise, increased motor 
output to the respiratory musculature results in increased contractile 
activity, increased muscle tension and a large increase in the velocity and 
extent of contraction. It has been suggested earlier that human beings may 
be consciously aware when the level of ventilation is appropriate; any 
attempt to modify ventilation externally around this level are readily 
sensed and are also experienced as discomfort (Killian and Campbell, 
1983). The strength, contractile conditions, perfusion and metabolic 
support of the respiratory muscles are independent contributors to the 
sense of effort and dyspnoea since weakness will result in an increased 
motor drive. A greater-than-expected voluntary command, needed to 
achieve a particular inspiratory volume will contribute to the sensation of 
breathlessness. Furthermore, motor command effort, and breathlessness 
also increase with duration and intensity of respiratory muscle activity 
and the evolution of fatigue (Aldrich, 1990). The inspiratory muscles, 
especially the diaphragm are those most susceptible to fatigue. For healthy 
young people, the endurance of the inspiratory muscles is far in excess of 
that needed to accomplish almost any normal ventilatory task but fatigue 
has been demonstrated following very intense (VO2maX testing), and very 
prolongued (marathon running) exercise (Johnson et al., 1993; Loke et al., 
1982). However, it has been suggested that elderly subjects have weaker 
respiratory muscles (Ringgvist, 1966) and greater ventilatory demands for 
a given work intensity (McConnell and Davies, 1992); this will render 
them more susceptible to fatigue, which in turn may contribute to 
breathlessness and exercise intolerance (Aldrich, 1990). See also later 
(Section 1-6). 
1-5 Respiratory Muscle Structures in Human Beings 
The respiratory muscles, like skeletal muscles in other parts of the body, 
are composed of a mix of several skeletal muscle fibre types organised into 
motor units by the shared alpha motorneuron that innervates them. The 
muscle fibres that comprise a motor unit have identical contractile and 
biochemical properties. The classification scheme of muscle fibres is based, 
therefore, on their intrinsic contractile properties (i. e., the rapidity with 
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which they develop tension and undergo fatigue) and their histochemical 
appearance. Motor units made up of fast-twitch fibres generate and 
dissipate tension rapidly but fatigue quickly with repeated contraction. On 
the other hand, motor units made up of slow-twitch fibres generate and 
dissipate tension more slowly but are more resistant to fatigue than fast- 
twitch fibres. 
Muscle twitch characteristics correlate with myosin ATPase activity and, 
hence, fibres have been typed histochemically based on the pH lability of 
the myosin ATPase activity. For example, in alkaline pH (e. g., 9.4) fast- 
twitch fibres have high ATPase activity and stain intensely (type II). On 
the other hand, at this pH, myosin ATPase activity of slow-twitch fibres is 
markedly reduced and consequently these fibres stain weakly (type I). Fast- 
twitch muscle fibres have been sub-classified on the basis of the 
susceptibility of their myosin ATFase activity to acid pH (i. e., types IIa and 
Ilb categories). The myosin ATPase of type fib fibres is more resistant to 
acid pH and hence demonstrates more intense staining at pH 4.6 than type 
IIa fibres, whose myosin ATPase is more susceptible to acid pH. 
In the respiratory muscles, slow-twitch motor units are active during 
eupneic breathing, whereas fast-twitch motor units are only active during 
more strenuous respiratory efforts. 
The costal and crural diaphragm are the principle muscles of inspiration 
and are active during eupneic breathing throughout life. The costal 
diaphragm consists of approximately 50% type I fibres, 25% type IIa fibres, 
and 25% type IIb fibres in adult subjects with normal respiratory function 
(Mizuno and Secher, 1989). The crural component of the diaphragm has 
the same distribution of fibre types as the costal diaphragm. Other muscles 
active during eupneic inspiration include the parasternal (or 
intercartilaginous) intercostal muscles, the scalenes, and the external 
intercostal muscles of the posterior, superior thorax. The percentage of 
type I fibres in the inspiratory intercostals (62%) and in the scalenes (59%), 
exceeds that of the diaphragm. Like the diaphragm however, these 
muscles have a near equal distribution of type IIa and IIb fibres (Mizuno, 
1991). The strenomastoid, pectoralis major, pectoralis minor, and the 
trapezii are accessory muscles that are recruited during more intense 
respiratory effort (i. e., during exercise). The muscles are also active when 
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the strength (i. e., the pressure generating capacity) of the primary 
inspiratory muscles is decreased by alterations in mechanical advantage 
(e. g., hyperinflation induced by chronic obstructive pulmonary disease or 
decreases in contractility (e. g., neuromuscular discase)(Tolep and Kelsen, 
1993). 
Although quiet expiration is generally considered to be a passive process 
in humans beings, the lateral internal interosseous intercostal muscles of 
the lower rib cage are electrically active during expiration. These 
expiratory intercostals have the same proportion of type I fibres as the 
inspiratory intercostals. The percentage of type Ha fibres is considerably 
greater, however (i. e., 35% versus 22%, respectively) and the percentage of 
type IIb fibres is far smaller than that of the inspiratory intercostals (1% 
versus 19%)(Mizuno, 1991). The difference in the percentage of type IIb 
fibres between the inspiratory and expiratory intercostals has been 
attributed to an adaptation by the expiratory intercostals to the 
performance of non-ventilatory activities, such as coughing, sneezing, and 
even stabilising the spine during lifting and reaching (Tolep and Kelsen, 
1993). 
The four abdominal muscles (rectus abdominis, external oblique, internal 
oblique, and transversus abdominis) closely resemble the diaphragm in 
.. their distribution of 
fibre type (i. e., 54% type I, 20% type Ha, and 23% type 
IIb)(Mizuno, 1991). They have long been considered to be, together with 
the internal intercostals, the principle muscles of expiration due to their 
direct action on the rib cage and their ability to compress the abdominal 
contents and force the diaphragm upward. More recently, it has been 
suggested that they have an important action in facilitating inspiration by 
maintaining the diaphragm and its muscle fibres at more stretched 
lengths, thus optimising the diaphragm's length-tension state (Sharp and 
Hyatt, 1986) 
1-6 The Effect of Age upon Respiratory Muscles 
Information regarding the effects of ageing on human respiratory muscles 
is limited. The changes that occur in respiratory skeletal muscle 
structures, biochemical composition, and contractile function during the 
ageing process have been studied in more detail in animal models. The 
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best studied of the respiratory muscles is the diaphragm, though the 
information is still sparse. 
In the ageing rat diaphragm, the size of type I and type IIx/d fibres (which, 
in the rat, are fast fibres containing a novel form of myosin) appears to 
decrease while their percentage increases. Consequently, the diaphragm 
muscle area made up of type I and IN fibres is greater in the ageing animal. 
Relative muscle area made up of type IIa fibres decreases considerably, 
leading to a reduction in the mass of muscle comprised of type II fibres 
overall. The reduction in fibre size and the shift in fibre population may 
affect overall muscle force output, endurance, and the sequence of motor 
neurone recruitment (Maltin et al., 1985). 
Ageing also alters the enzyme activity and profile of aerobic and glycolytic 
enzymes in the diaphragm. There appears to be a shift in the relative 
importance of glycolitic versus oxidative metabolism in elderly animals 
and the capillary density in the costal diaphragm is reduced. These results 
suggest that alterations in enzyme activity and microvascular flow may 
affect the diaphragm's contractile performance and predispose it to fatigue 
(Tolep and Kelsen, 1993). 
Finally, using muscle strips from senescent hamsters, it has been shown 
that the speed of tension development and dissipation as reflected in the 
twitch contraction is prolonged by 30% to 40%; the isotonic velocity of 
shortening and maximum isometric tension per unit muscle cross- 
sectional area is decreased by 20% to 30%; and muscle endurance during 
repeated contractions is reduced by 40% when compared to strips from 
younger animals. These changes indicate that ageing impairs velocity of 
muscle shortening, tension generated and endurance of the costal 
diaphragm (Zhang and Kelsen, 1990). 
At present, direct, non-invasive measurement of the force output of the 
human respiratory muscles in vivo is not practical. Consequently, 
respiratory muscle force output, or strength, is normally assessed 
indirectly from measurements of maximum static inspiratory and 
expiratory pressure at the airway opening during occluded respiratory 
efforts (Clausen, 1982; Rochester, 1988). There are significant limitations to 
the use of maximal inspiratory pressure (MI? ) and maximal expiratory 
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pressure (MEP) as indices of respiratory muscle strength because they 
depend on subject motivation and co-ordination; reflect the mechanical 
action of the entire inspiratory and expiratory musculature contracting in 
aggregate; are a function of lung volume; and when measured at lung 
volumes other than functional residual capacity (FRC), reflect the elastic 
recoil properties of the lung and chest wall (Rochester, 1988). Despite these 
criticisms, almost all of the studies on the effects of ageing on respiratory 
muscle strength have used MIP and MEP because measurement of these 
parameters is technically simple, non-invasive and can be performed 
repeatedly. 
Ringqvist (1966) performed probably the first comprehensive study of the 
effects of age upon MIP and MEP in normal human beings. Studies were 
performed on 200 subjects (106 male and 94 female) ranging from 18 to 83 
years of age. Maximal inspiratory and expiratory pressures were measured 
against an occluded airway at the appropriate lung volume. Ringqvist 
(1966) reported that MIP decreased linearly and MEP decreased in a 
curvilinear fashion with advancing age by approximately 15% between the 
ages of 20 and 65 years. Ringqvist (1966) was also able to show that 
maximum static respiratory pressures (MSRP) and the isometric strength 
of the non-respiratory muscles were also significantly related. This 
finding suggested that ageing-related changes in respiratory muscle 
strength correlated in magnitude with changes in limb muscle strength. 
Several years later, Black and Hyatt (1969) assessed MSRP in 60 men and 
women ranging from 20 to 86 years of age (10 in each decade). These 
investigators reported that both MEP and MIP decreased in men and 
women by approximately 15% to 20% between the ages of 20 and 70 years. 
Since these pioneering studies were performed, several other investigators 
have examined this issue and reached the same conclusion; that 
respiratory muscle strength decreases with advancing age (Wilson et al., 
1984; Chen and Kuo, 1989). To date, all studies examining the effects of 
ageing on respiratory muscle strength have involved separate groups of 
young and old subjects. Longitudinal studies have not been performed. 
This is a significant shortcoming in understanding the way in which 
respiratory muscle strength declines; ageing effects could occur well into 
adult life or demonstrate a threshold phenomenon, as appears to be the 
case in animal studies (Zhang and Kelsen, 1990). Despite the limitation of 
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cross-sectional, as opposed to longitudinal studies, the available evidence 
suggests that advanced age reduces the capacity of the respiratory muscles 
to generate pressure. 
The respiratory skeletal 'muscles, like skeletal muscles in other parts of the 
body, develop fatigue when generating sufficiently intense contractions for 
a sufficient period of time (Rousso and Macklem, 1977). Fatigue can be 
defined as a muscle's transient inability to attain a level of contractile force 
required for a particular task, or as a transient loss of strength, whether or 
not the resulting weakness prevents performance of a task (Aldrich, 1990). 
Almost no data is available on respiratory muscle endurance in healthy 
elderly subjects, since most studies have examined this issue in patients 
with respiratory disease. However, respiratory muscle oxygen 
consumption for a given change in ventilation appears to be increased in 
the healthy, elderly (Takishima et al., 1990). 
Taken together, these studies, suggests that respiratory muscle strength is 
decreased in the elderly, and muscle energy use is greater. The elderly 
subject, therefore, appears to be predisposed to develop inspiratory muscle 
fatigue when the demand for ventilation is increased. Killian (1990) has 
suggested that inspiratory muscle performance may be a contributing 
factor in breathlessness. If the respiratory muscles of elderly people are 
weaker and less fatigue resistant, then one could argue that this may lead 
to an increase in breathlessness. One way to test this hypothesis would be 
with an intervention study; i. e., improve the performane of the 
respiratory muscles of a group of elderly subjects and observe the 
influence this has on their exertional breathlessness. 
1-7 Aims of this research 
Breathlessness is a common complaint amongst seemingly, healthy, 
elderly people, mild exertion being sufficient to elicit extremely 
debilitating sensations. This places an unacceptable physical limitation on 
the individual and reduces their quality of life. From the previous 
discussion, it is evident that several previous investigators believe that 
the mechanisms responsible for the genesis of breathlessness involve the 
central motor output command to the respiratory muscles (Killian and 
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Campbell, 1983; Burki, 1987; Adams and Guz, 1991). The ventilatory 
response to this central "drive" will depend upon the strength and 
condition of the respiratory muscles (Gandevia, 1988). Therefore, these 
factors may be important contributors to the sensation of breathlessness on 
exertion (Aldrich, 1990; Killian, 1990). Elderly people are reported to have 
lower respiratory muscle strength and endurance, compared to younger 
individuals (Ringgvist, 1966; Black and Hyatt, 1969). Therefore, the aim of 
the research contained within the thesis, was firstly; to characterise the 
respiratory muscle function, of a group of healthy elderly subjects, and 
secondly; to assess the influence of inspiratory muscle training upon the 
genesis of exertional breathlessness in healthy, elderly men and women. 
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CHAPTER TWO 
GENERAL METHODS 
2.1 Flow Meter 
Respiratory air flow was measured using an ultrasonic phase-shift flow 
meter. A beam of ultrasound is projected diagonally across the airflow in 
a transducer tube. Variations in the velocity of the airflow change the 
transit time of the sound. The resulting phase-shift of the received signal 
is detected and produces a voltage output that is linearly proportional to 
flow. The transducer tube has a flow range of ±15 l. s-1. Linearity is better 
than 1% of reading and the device has excellent baseline stability (<0.1% 
fsd, inhale to exhale, drift 0.1% over 5 hrs; noise <0.2%, peak to peak, DC to 
60 Hz). The flow meter effectively samples the flow at 80 Hz, giving a 
response to fast changing flows of 100% in 12 ms, 50% in 6 ms (Butler and 
Makes, 1987). 
2-1.1 Advantages of the ultrasonic phase-shift flow meter 
This device allows measurement of inspiratory and expiratory flows 
breath-by-breath. It has many advantages over other methods for 
measuring respiratory flow. Unlike pneumatachography or flow turbines, 
there are no mesh screens or moving parts which may be contaminated 
with mucus or affected by moisture. Incorporation of such parts as mesh 
screens or flow turbines imposes a resistance to breathing. The flow 
transducer, on the other hand, is a hollow tube and therefore flow is 
considerably less impeded. Flow turbines also have phase-lag (inertia) 
problems not encountered by using the ultrasonic phase-shift device. 
The ultrasonic phase-shift flow meter has a small dead space (40 ml) and is 
not affected by movement, vibration, moisture or contamination. 
2-1.2 Disadvantages of the ultrasonic phase-shift flow meter 
Carbon dioxide can build up in the transmitter-receiver ports of the flow 
meter and affect the ultrasonic signal detection or transmission. This is 
overcome by passing a small amount of air into the ports by means of an 
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air pump with low flow rate. This small amount of air does not alter the 
flow measurement but is sufficient to "flush out" the flow meter side- 
arms and prevent carbon dioxide build-up. 
During exercise, conduction of heat caused by vasodilatation in the 
peripheral blood vessels of the subjects face, may cause the ultrasonic 
signal transmitter, located nearest the face, to become heated. This again 
will affect the ultrasonic signal detection or transmission. It is therefore 
necessary to insulate the side-arm against this heat source. 
2-2 Flow Signal Processing 
The flow signal from the flow meter was processed directly by computer 
(Macintosh Iicx) using software written by Dr. A. K. McConnell (Labview 2, 
National Instruments, Austin, TX, U. S. A. ). Figure 2-2 is a diagrammatic 
representation of the airflow signal generated by the flow meter for a 
single breath (from the start of inspiration to the end of expiration). The 
areas above and below the zero flow axis were integrated by the computer 
to give inspired (Vn) and expired (VTE) tidal volumes, respectively. 
Inspiratory and expiratory times (Ti and TE), breath duration (Ttot), and 
peak inspiratory and peak expiratory flows (PFI and PFE) were also derived 
from the flow signal. 
From these basic variables, it was possible to calculate on-line, mean 
inspiratory flow (VTT/TI), respiratory frequency (fr) and expired minute 
ventilation (VE). 
2-3 Calibration of Flow Meter 
In order to correctly assess the ultrasonic phase-shift of the transducer, it 
was first necessary to perform a 'software zero'. This calculated zero was 
then used as the zero flow axis (Fig 2-2). 
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Fig 2-2: Diagrammatic representation of the airflow signal from the 
ultrasonic phase-shift flowmeter. TI and TE are inspiratory and expiratory 
times, respectively. Ttot is the breath duration. VTI and VTE are inspired 
and expired tidal volumes, respectively. PFI and Pj are peak inspired and 
expired flows, respectively. 
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Repeated evacuations of a 1L calibration syringe (P. K. Morgan Ltd, 
Gillingham, Kent, U. K. ) were used to perform a volumetric calibration of 
the flow meter. The syringe provides an easy and reliable method of 
calibrating and assessing the accuracy of measured volumes. 
The computer software incorporated a calibration routine which was run 
at the beginning of each experiment. Fifteen 1L pumps of the syringe were 
passed through the flow meter, from which the computer calculated 
inspiratory and expiratory volume calibration factors. These calibration 
factors were used in all subsequent calculations made by the computer. 
24 Mass Spectrometry 
A mass spectrometer (Airspec MGA 2000, Rigging Hill, Kent, U. K. ) was 
used for gas analysis in these investigations. This equipment allows 
continuous measurement of inspired and expired gases. 
The Airspec gas analyser is an instrument using a quadrupole mass 
spectrometer incorporated with vacuum and inlet system. At the heart of 
the Airspec gas analyser is the analyser head (the transducer) which 
comprises three components: 
1. The Ioniser (source) 
2. Rod Assembly (analyser) 
3. Thelon Detector (multiplier) 
The analyser head operates at high vacuum. The pressure is reduced to 
10-6 mmHg by means of a combination of a rotary oil backing pump and 
an air cooled oil diffusion pump. 
The analyser requires gas samples to be ionised. The function of the 
ioniser is to provide this facility by electron bombardment. A fine 0.006 
inch filament wire is heated by passing a steady current (90V) through it so 
that it reaches a temperature where electrons are ejected from the surface. 
These electron projectiles collide with the sample molecules and strip off 
electrons to leave a positive ion. 
The ions produced in the ionisation region move into the analyser field by 
a focus electrode arranged under the ion exit aperture. These ions are 
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therefore injected down the axis of an oscillating electric field 
configuration, produced by four, symmetrically aligned, cylindrical rods 
(Rod Assembly). The rods, which form a field tunnel through which the 
ions must pass, are connected in opposite pairs. The net effect of the 
geometry of the electrode structure, the amplitude and frequency of the 
applied voltage is to oscillate the ions on their travel through the analyser, 
such that only ions of a small mass range can actually complete the course 
and emerge from the quadrupole. The quadrupole therefore acts as a mass 
filter and simply by changing the voltage applied to the rods, ions of 
different masses can be allowed to travel successfully through the fields. 
The crucial electrical parameters of the quadrupole analyser are, for a 
given frequency, the peak value of the applied oscillating voltage (RF) 
which determines the nominal mass of the ion transmitted, and the RF to 
DC ratio which determines the resolution of the range of masses around 
the nominal to be allowed through. For analytical purposes the analyser is 
tuned sequentially to allow ions of interest to be filtered and then 
measured in terms of the number of ions emerging. 
The ion detector is responsible for quantifying the numbers of ions 
emerging from the rod assembly. An electron multiplier is employed; 
this comprises fourteen plates on which ions give up their charge on 
impact, providing sufficient current for a high gain DC amplifier to handle 
and quantify. 
The Airspec 2000 is capable of scanning particles in the mass range 1-200 
a. m. u. The limit of detection is 10 part per million. Drift is <1% over 24 
hours and both linearity and reproducibility are better than 1%. In the fast 
mode the device analyses up to 8 gases in 20 ms. 
Output of the computed analysis is provided in analogue and digital form. 
Eight DAC's are updated every 20 ms with the current set to gas 
concentrations. These values lag the actual measurement by 20 ms. An 
RS232 digital interface is provided to supply the analyses to data 
acquisition systems. 
In these investigations the sample tube used was a fine polythene catheter 
approximately 3m in length. Before each experiment the mass 
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spectrometer was tuned and calibrated against two standard gas mixes. 
100% nitrogen was used to zero all channels other than the nitrogen 
channel and calibration was repeated. 
All respiratory gases were sampled from the manifold of the mouthpiece. 
2-5 Cycle Ergometer 
Exercise was performed either on a treadmill or cycle ergometer (Rodby 
Elektronik AB RE820). The cycle ergometer is electromagnetically braked; 
work rate being independent of pedalling frequency, over a range of 40 - 
120 rpm. Subjects were instructed to find their own pedalling frequency 
but were encouraged to keep this within 60-70 rpm. Seat height was 
adjusted so that the leg was in full extension at the bottom of the 
downward stroke. Where repeated test were performed, this height was 
measured and used on subsequent visits or tests. 
The cycle ergometer could be linked to the computer in order to perform 
remote adjustment of workload. 
2-6 Treadmill 
The treadmill (P. K. Morgan Ltd., Gillingham, Kent, UK) consists of a 
continuous belt which is moved across a smooth platform by an electric 
motor. The platform is provided with hand rails and an overhead gantry, 
from which a safety harness is suspended. Emergency stop buttons are 
situated at the front and the rear of the treadmill. On exercise, the subject 
is instructed to stand erect with the head up, take long steps, and only to 
lift the feet to the extent which is required for normal walking. 
The speed of the belt and the angle of incline of the platform are 
adjustable, the former over a range of 0-20 kph, the latter from horizontal 
to an incline of approximately 1 in 6 (16%). Before use speed and incline 
were calibrated as follows: 
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2-6.1 Speed Calibration. 
A new belt was fitted to the treadmill. Prior to its installation, the length 
of the belt was measured accurately using a tape measure. Once in place, 
the time taken for 30 complete revolutions of the belt was determined at 
speeds of 2,4,6,8,10,12,14,16,18 and 20 kph without a subject on the belt. 
From these parameters, it was possible to calculate the true speed of the 
belt and compare this to the value set on the control console. The results 
of the calibration are shown in Table 2-6.1 and are displayed graphically in 
Figure 2-6.1. 
Table 2-6.1: 
Calibration of the treadmill speed 
Speed 
Reading 
(kph) 
Time for 30 
revolutions 
of belt (min) 
Calculated 
speed (kph) 
2 3.7917 1.991 
4 1.9467 3.877 
6 1.2883 5.858 
8 0.9450 7.987 
10 0.7333 10.292 
12 0.6167 12.238 
14 0.5333 14.152 
16 0.4717 16.000 
18 0.4200 17.970 
20 0.3750 20.126 
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Calculation details: 
Belt length = 4.193 m 
Therefore, 
30 revolutions = 4.193 x 30 = 125.79 m travelled in x seconds 
Using 2 kph as an example, 
125.79 m in 3.7917 min 
Therefore, 
125.79 / 3.7917 = 33.175 m travelled in 1 min 
Multiply by 60 to give distance travelled in 1 hour, 
33.175 x 60 = 1990.506 m in 1 hr 
Divide by 1000 to convert from m to km, 
1990.506 / 1000 =1.991. kph 
Fig 2-6.1 Comparison of treadmill speed reading 
with calculated speed 
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2-6.2 Incline Calibration 
An inclinometer was used to determine the slope of the belt with the 
value set on the control console. Inclines increasing up to 160 and back 
down to 00 were examined. The results of the calibration are shown in 
Table 2-6.2 and are displayed graphically in Fig 2-6.2. 
Table 2-6Z- 
Calibration of treadmill for increases and decreases in slope 
Up Down 
Incline (degrees) Inclinometer 
Reading 
Incline (degrees) Inclinometer 
Reading 
0 0.000 0 -0.033 
1 - 1 1.100 
2 2.150 2 2.267 
3 - 3 2.983 
4 4.200 4 - 
5 - 5 5.067 
6 6.050 6 - 
8 8.167 8 8.067 
10 10.000 10 9.983 
12 11.733 12 11.650 
14 13.700 14 13.717 
16 15.517 16 - 
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Fig 2-6.2 Comparison of treadmill incline reading 
and actual incline 
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2-7 Gas Exchange Analysis Software 
The exercise analysis software was written by Dr. A. K. McConnell using 
Labview 2 (National Instruments, Austin, TX, U. S. A. ). This program 
calculates on-line values for Vn, VTE, VE, fr, PFI, PFE, TI, TE and Ttot, in 
the manner described earlier, breath by breath. Also derived breath by 
breath are values for minute oxygen uptake (VO2), minute carbon dioxide 
production (VCO2). Gas exchange parameters are derived by combining 
signals from the flow meter and the mass spectrometer. The program 
produces a print-out of this information at the end of each test. 
A delay exists between the time that the gas concentration exists and the 
time that this concentration is detected and recorded by the mass 
spectrometer. This delay is largely due to the characteristics of the 
sampling tube. To allow the flow signal to be matched accurately to the 
gas analysis from the mass spectrometer this delay time must be 
calculated. This is achieved by sampling a known gas mixture contained 
within an anaesthetic bag connected via a solenoid operated, valve to the 
mass spectrometer. The bag is filled with 100% N2 and flushed out several 
times to give even concentration within the bag. The computer measures 
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the time taken from operation of the solenoid (the valve opening) to 
detection of over 95% N2. This delay is then incorporated in to the 
analysis software. 
Finally, in order to test the accuracy of the calculations performed by the 
program, derived values were compared, during bouts of steady-state 
exercise, using standard techniques (Douglas bags). This calibration was 
originally performed on a range of subjects with different physical 
characteristics and then periodically (approximately every three months) 
using a single subject exercising at a number of different workloads. 
The subject performed steady state exercise at a 0,30,60,100,130,160 watts. 
Steady state was denoted by the attainment of a heart rate which remained 
constant for a minimum of 1 minute. Once a steady state was achieved, 
expired gas was collected in a Douglas bag. A stopwatch was used to 
determine the time of collection. The collection period was dependent 
upon the subject's minute ventilation and the size of the Douglas bag (20 - 
501). The subject then continued to exercise whilst measurements were 
made using the exercise set-up as described. Approximately the same 
sample time was used for both the automated and Douglas bag collections. 
A second Douglas bag was then collected in the same manner as the first. 
Simultaneous collections could not be made because the attachment of 
tubing to the flow transducer increased the impedance of the system 
which affected the ultrasonic signal. 
An example of the data obtained are shown in Table 2-7 and displayed 
graphically in Figures 2-7.1,2-7.2 and 2-7.3. Values derived by the two 
methods were compared for agreement using the methods described by 
Bland and Altman (1988). For ventilation, the mean difference (±standard 
deviation) between the two methods was -0.25 (±0.72) 1-min-1, whilst the 
95% confidence interval for the mean difference (bias) was -3.13 to 1.19 
1. min-1. For oxygen uptake, the mean difference (±sd) was 0.02 (±0.03) 
l. min-1, with a 95% confidence interval for the mean difference (bias) of 
-0.05 to 0.081. min-1. Likewise for carbon dioxide production, the mean 
difference (±sd) was 0.01 (±0.04) l. min-1, with a 95% confidence interval for 
the mean difference (bias) of -0.07 to 0.09 1-min-1. These differences were 
small and not statistically significant (paired t-test; p>0.05). 
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Table 2.7: 
Ventilation and gas exchange values during steady-state exercise 
determined by Douglas bags and the gas exchange analysis software 
(Subject: female, aged 30 years, stature 175 cm, mass 60 kg). 
0 watts (Free Pedalling) 
Method VE 
(l. min-t) 
V02 
(l. rnin-1) 
VCO2 
(l. min-1) 
Douglas Bag 1 13.93 0.65 0.52 
Gas Exchange 
Analysis Software 
12.72 0.66 0.52 
Douglas Bag 2 13.50 0.66 0.51 
30 watts 
Method VE 
(l. min-1) 
V02 
(l. min-1) 
VC02 
(l. min-1) 
Douglas Bag 1 15.33 0.74 0.58 
Gas Exchange 
Analysis Software 
16.94 0.66 0.53 
Douglas Bag 2 15.01 0.74 0.57 
60 watts 
Method VE 
(l. min"1) 
V02 
(1. min-l) 
VC02 
(l. min-1) 
Douglas Bag 1 20.82 1.05 0.84 
Gas Exchange 
Anal sis Software 
20.23 1.11 0.93 
Douglas Bag 2 18.43 1.10 0.89 
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Table 2.7 (cont. ): 
Ventilation and gas exchange values during steady-state exercise 
determined by Douglas bags and the gas exchange analysis software 
(Subject: female, aged 30 years, stature 175 cm, mass 60 kg). 
100 watts 
Method VE 
(l. min-1) 
V02 
(l. min-1) 
VCO2 
(l. min-1) 
Douglas Bag 1 36.97 1.59 1.34 
Gas Exchange 
Analysis Software 
37.77 1.62 1.33 
Douglas Bag 2 39.28 1.66 1.44 
130 watts 
Method VE 
(l. min"1) 
V02 
(l. min-1) 
VC02 
(l. min-1) 
Douglas Bag 1 48.35 1.96 1.73 
Gas Exchange 
Analysis Software 
48.54 1.93 1.77 
Douglas Bag 2 49.08 1.96 1.73 
160 watts 
Method VE 
(1. min-1) 
V02 
(l. min4) 
VC02 
(1. min-1) 
Douglas Bag 1 62.78 2.30 2.10 
Gas Exchange 
Analysis Software 
67.83 2.25 2.15 
Douglas Bag 2 70.04 2.38 2.23 
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Fig 2-7.1 Comparison of VE measured during steady state exercise 
by Douglas bags and by the gas exchange analysis software 
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Fig 2-7.2 Comparison of V02 measured during steady state exercise 
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Fig 2-7.3 Comparison of VC02 measured during steady state exercise 
by Douglas bags and by the gas exchange analysis software 
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2-8 Cardiac Monitor 
0 Douglas Bag t 
13 Douglas Bag 2 
Heart rate was monitored continuously using a three lead 
electrocardiogram (ECG) via a cardiac monitor (Physio-Control VSM 3). 
Three disposable ECG electrodes (6 cm Red Dot No. 2239,3M Electro 
Medical Products, Loughborough, UK) were applied to the skin after it had 
been leaned using industrial methylated spirit (IMS). Two electrodes 
were placed over each clavicle and the third electrode was situated on the 
rib cage, in the 5th left intercostal space at the line of the nipple. 
The VSM 3 monitor displays ECG on a large, nonfade screen, along with a 
digital heart rate indication, which is recorded by the computer. 
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2-9 Integration of Data 
The gas exchange analysis software integrates signals from the flow meter 
and the mass spectrometer to give on-line values for ventilation and gas 
exchange parameters breath by breath, in the manner described previously 
(Section 2-2 and Section 2-7 respectively). Together with these data, heart 
rate (from the Cardiac Monitor) and oxygen saturation are also recorded by 
the program breath by breath. All these data plus the raw digitalized 
signals, are stored on the Macintosh computer's hard drive. Figure 2-9 is a 
diagrammatic representation of the equipment used for an exercise test, 
the signals generated and the integration of these signals by the exercise 
analysis software. 
2-10 Electromanometer 
An electronic differential manometer (Mercury M14) was used to measure 
pressure. This device consists of a capsule containing an optically coated 
elastic diaphragm, mounted between two chambers, and held in the centre 
of a light tight casting, which also contains a bulb, mirrors and photocells. 
In the absence of a pressure gradient, the diaphragm is flat, and the light 
intensity on the two cells is equal. If however, a pressure difference exists, 
the mirror will be convex on one side and concave on the other. The 
resulting imbalance of light on the two cells produces a voltage dependent 
signal which is applied to an operational amplifier whose output goes to 
the meter and to the output socket. Zero stability is ±2% drift per hour 
with a response time of less than 40 ms. The device measures pressure 
over a range of ±300 cmH2O. 
The Mercury M14 Electromanometer was calibrated according to the 
instructions within the operation manual, using a syringe as a pressure 
source and a water manometer. 
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Data Stored Apple Macintosh ticx 
on Hard Drive 
Exercise 
Analysis 
Software 
Mouthpiece 
Oximeter IIH Flow Meter 
Polythene 
Catheter 
Mass 
Spectrometer 
Heart Rate I 
Monitor 
Exercise 
Treadmill I OR Cycle Ergometer 
Fig 2-9 Signals processed by the Exercise Analysis Software during an 
exercise test 
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2-11 Mouth Pressure Meter 
A hand-held mouth pressure meter (Precision Medical Ltd., Pickering, 
North Yorks, UK) was used for the determination of maximum static 
respiratory pressures. The device incorporates a valve with a small leak, a 
ceramic solid state pressure transducer, a microprocessor and a digital 
pressure display. The microprocessor samples at 16 Hz and is 
programmed to determine the maximum pressure averaged over one 
second (Pmax) and the peak pressure for both inspiratory and expiratory 
efforts (Fig 2-11). To activate measurement, the subject must achieve a 
pressure of at least 20 cmH2O. If pressure is maintained for less than 0.5 s 
the display indicates "sample rejected, too short". If the pressure is 
sustained for 0.5-1.5 s the meter displays "short sample" and the peak 
pressure alone. If the pressure is sustained for more than 1.5 s both peak 
pressure and the maximum pressure averaged over one second (Pmax) are 
displayed. The mouth pressure meter was used with a flanged 
mouthpiece (P. K. Morgan, UK). 
Values obtained using the hand-held mouth pressure meter have been 
shown to be both reliable and accurate for normal subjects and patients 
with respiratory disease (Hamnegard et al., 1993). Hamnegard and co- 
workers (1993) used a fine bore catheter connecting the mouthpiece of the 
mouth pressure meter to a Validyne MP45-1 differential pressure 
transducer (Validyne Co., Northridge, CA, USA) to enable them to make 
simultaneous measurement of pressure by both devices. There was 
excellent agreement comparing the mouth pressure meter and the 
Validyne method both for peak pressure and Pmax values. Comparison of 
inspiratory peak values showed a mean±SD difference of 1.2±2.0 cmH2O 
and of expiratory peak values -1.4±1.8 cmH2O. The difference for Pmax 
was 1.9±1.2 cmH2O for inspiratory efforts and -0.4±1.2 cmH2O for 
expiratory efforts. These differences were very small and none were 
statistically significant (p>0.05; paired t-test). 
The mouth pressure meter has the advantage that it is portable and robust 
thus removing the need for complex, expensive, laboratory based 
equipment for the measurement of respiratory muscle strength. 
42 
E 
r 
Cl) 
. -. 
N 
N 
C) 
ciu 
C) 
Cl- 
\ 
x 
as 
C- 
) 
- u) 
"7' 
N 
C) 
cn 
E= 
-N 
I Ln o Lei o Nr "r- 
Edf aJnssaid 
.C 
C) 
N 
N 
"N 
. ]C 
cJ 
C.. 
r 
-o 
k, 
Eo 
e 
ö w° 
ER 
yo 
ry 
ni "= 
> 
>v 
8 
EyX 
^ ýQ ýC 
4y 
výo 
R 
.Eä 
'ä 
xýC 
EpR 
ý. C ... 
Cýx -0 eu *ä c: E 
oV 
aN 'ý 
Q) c214 10. 
ääý: 
G 
4! 
eC 
vCi pü[ cC Nrý 
UEx 
Nd c" 
CO fl+ 'p 
wo m ., jz (Z 
43 
N VT cm OO 
Ed i ainssald 
2-12 Subjects 
Subjects were all volunteers over the age of 59 years. A number of 
presentations regarding the proposed research program were given at local 
elderly people's clubs and societies (e. g. Professional Retired 
Businessmen's club (PROBUS), Association of Retired People Over 50 
(ARP50), Church and Community Groups) by Dr AK McConnell. 
Interested individuals were provided with a confidential screening 
questionnaire that they were asked to return to the laboratory in a pre-paid 
envelope. These individuals were then contacted by telephone and 
invited to visit the laboratory to see the facilities and meet the research 
staff. If subjects agreed to participate in the proposed research program, 
they completed an investigator administered questionnaire regarding 
their medical and smoking history (see Appendix 2-12a). Finally, the 
subject's General Practitioner was consulted to ensure that there was no 
undisclosed medical reason why the subject should not take part in the 
proposed experiments. 
A total of 50 subjects over the age of 59 (22 male, 28 female), who reported 
no previous cardiorespiratory complaints and were non-smokers (either 
lifetime never smokers, or ex-smokers of at least five years), gave 
informed consent to participate in the research and were invited to join 
the subject volunteer panel. All subjects were resident in Loughborough 
or the surrounding district, a semi-rural environment in the East 
Midlands region of the United Kingdom. 
Stature was measured using a Holtain stadiometer. Subject removed all 
footwear and stood with heels together as tall as possible, with the back, 
calf, buttocks and heels touching the stadiometer. When the subject was 
in position, the observer cupped the angles of the mandibles in two hands 
and tilted the face so the lower orbital margin was level with the external 
auditory meatus. The reading was then taken during gentle upward 
traction to the head. 
The accuracy of the stadiometer was established using standard metal rods 
of lm, 1.5m and 2m in length. A spirit level was used to establish that the 
rods were parallel to the stadiometer. 
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Body mass was measured using Hanson digital weighing scales which 
incorporated a spring balance mechanism. The weighing scales were 
found to give accurate determinations of mass (within 0.5 kg) over the 
range 10 - 100 kg using standard weights. 
Mean values with standard deviation and range of values for age and basic 
anthropometry are shown in Table 2-12a for males and Table 2-12b for 
females. 
Table 2-12a: Mean, standard deviation and ranges for age and basic 
anthropometry of the male members of the volunteer panel (n=22). 
Variable Mean SD Min Max 
Age (rs) 68.9 5.8 59 83 
Stature (cm) 174.2 6.4 158.1 185.7 
Mass (kg) 78.7 8.3 61.5 91.5 
SD=standard deviation 
Table 2-12b: Mean, standard devation and ranges for age and basic 
anthropometry of the female members of the volunteer panel (n=28). 
Variable Mean SD Min Max 
Age (yrs) 69.5 4.7 60 80 
Stature (cm) 157.0 53 146.8 167.2 
Mass (kg) 64.2 9.4 46.0 89.0 
SD=standard deviation 
Of the 50 subjects recruited, 21 were life time never smokers and 29 were 
ex-smokers of at least five years. For the ex-smokers, a mean(±SD) of 
27.5±15 years (range 5- 50 years) had elapsed since they last consumed a 
tobacco product. Age, basic anthropometry and smoking history is detailed 
for each subject in Appendix 2-12b. 
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CHAPTER THREE 
RESPIRATORY MUSCLE FUNCTION IN HEALTHY, ELDERLY 
SUBJECTS 
3-1 General Introduction 
As indicated earlier (Section 1.6), the tension generated by the respiratory 
muscles cannot be measured directly in either normal subjects or patients; 
thus, the capacity to generate pressure at the mouth is the accepted method 
of assessing respiratory muscle strength (Ringqvist, 1966; Black and Hyatt, 
1969; Leech et al., 1983; Wilson et al., 1984). The most widely used and 
clinically valuable measurements, are those of maximum static mouth 
pressures. These are determined during maximal inspiratory and 
expiratory efforts against an 'occluded' airway. A small leak is 
incorporated within the system to maintain an open glottis and to prevent 
the generation of high buccal pressures. Measurements are made at a 
predetermined lung volume to take account of the effect of muscle length 
upon the development of tension. Expiratory mouth pressures are 
normally determined at total lung capacity (TLC), whilst inspiratory 
mouth pressures are usually determined at residual volume (RV) or 
functional residual capacity (FRC) (Clausen, 1982). When there is no 
pathology in the lung and transpulmonary pressure loss is small, mouth 
pressures closely reflect pleural pressure and give a good index of 
respiratory muscle strength (Moxham, 1990). 
The influence of advancing age upon respiratory muscle strength remains 
to be established unequivocally. However, there are several age-related 
changes that may affect the ability to generate pressure; variable changes in 
the respiratory muscles themselves; in the elastic recoil of the lungs and 
chest wall; and increases in residual volume. 
The age-related changes that occur in the respiratory muscles are described 
in detail elsewhere (Section 1-6). They include atrophy caused by changes 
in motor units, a reduction in fibre size and a shift in fibre population 
(Gutmann and Hanzlikova, 1976; Maltin 1985). There is also a decrease in 
muscular work capability caused by decreased efficiency in muscle energy 
metabolism (Ermini, 1976; Tolep and Kelsen, 1993). All of these changes 
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will affect the muscle's ability to generate tension and hence affect their 
strength. 
The elastic recoil of the respiratory system (lungs plus chest wall) 
influences the ability to generate pressure at the mouth (McElvancy et al., 
1989). In the elderly there is a loss of lung recoil and an increase in lung 
compliance (Fowler, 1985). These changes would tend to decrease PEmax. 
Changes also occur in the thoracic wall that involve calcification and 
stiffening of the articulations of the rib cage, together with changes in 
spinal curvature, making the chest wall less compliant (Krumpe et al, 
1985); these changes are also likely to affect PEmax. 
In addition, residual volume (RV) increases with advancing age (Krumpe 
et al, 1985) and this may lead to an altered force-length relationship of the 
diaphragm and diminished static outward recoil of the chest wall, 
resulting in decreased Pimax at RV. 
Thus, there are many factors that may influence maximum static 
respiratory pressures in the elderly, but the extent to which the capacity of 
the respiratory muscles to generate pressure reduces with age, and the 
manner in which this reduction takes place, remains unclear. 
The majority of data from previous studies does suggest that respiratory 
muscle strength decreases as age increases (Ringgvist, 1966; Black and 
Hyatt, 1969; Wilson et al., 1984; Vincken et al., 1987). However, the 
evidence is by no means conclusive; McElvaney and colleagues (1989) 
studied healthy subjects over the age of 55 years but did not observe a 
decrease in respiratory muscle strength with increasing age. This finding 
was later confirmed by the work of Bruschi et al. (1992). 
To date, the effect of age upon respiratory muscle function has been 
studied by taking a cross-section of the population and comparing the 
results obtained from different age cohorts. This method has permitted 
the calaculation of so-called "normal" values for persons of a certain age 
cohort within this population. However, the data cannot be used to 
predict the rate of age-related decline in respiratory muscle function in any 
individual, because persons of different age differ in other ways. An 
example of this phenomenon is provided by cross-sectional studies on 
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stature. These would suggest that as age advances, so stature decreases, but 
this fall is exaggerated because succeeding generations have become taller 
(Hertzog et al., 1969). This problem is overcome by longitudinal studies, in 
which the same subjects are tested repeatedly over a period of many years. 
Data derived in this manner has shown that the rate of decline of function 
determined by cross-sectional analyses exaggerates the true rate of decline. 
For example, spirometric indices of lung function, forced vital capacity 
(FVC) and forced expired volume in one second (FEVi), both decline with 
advancing age. However, the longitudinal study of Burrows et al. (1986), 
demonstrated that the age-related reduction in FEVi and FVC is less 
marked, and of a later onset than is suggested by cross-sectional analyses. 
Unfortunately, to date, no longitudinal studies on respiratory muscle 
strength or endurance have been performed. However, it would seem 
reasonable to suggest that cross-sectional studies of respiratory muscle 
function suffer from the same short comings as for spirometry. 
Furthermore, exaggerations in the age-related loss of respiratory muscle 
strength may be compounded by the fact that many cross-sectional studies 
of respiratory muscle function have generally incorporated relatively few 
elderly subjects. Thus, the data is weighted in favour of the younger 
subjects, who represent a larger proportion of the population studied. 
This too may tend to cause and over-estimation in the decline in 
respiratory muscle strength with advancing age. In addition, there is often 
an assumption of a linear decline in respiratory muscle function. This 
may not be the case; ageing effects may well occur well into adult life or 
demonstrate a threshold phenomenon as appears to be the case in animal 
models (Zhang and Kelsen, 1990) and for other skeletal muscles (Phillips 
et al., 1993). 
Many existing regression equations fail to describe accurately all of the data 
from which they were derived. Values of MSRP for elderly subjects often 
fall outside of the regression model. For example, Ringqvist (1966) studied 
subjects up to 83 years of age and found a linear decline in Pimax with 
advancing age. However, the linearity of this relationship was only valid 
up to the age of 65 years. 
In addition to the controversy regarding the influence of age upon 
maximum static respiratory pressures, there is also lack of agreement 
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regarding the relationship between physical characteristics and the 
strength of the respiratory muscles. In common with other skeletal 
muscles, there appears to be a positive correlation between strength and 
increasing body size (Tolep and Kelsen, 1993). Body size has traditionally 
been described in terms of stature and body mass, and correlations between 
these variables and maximum static respiratory pressures (MSRP) have 
been demonstrated (Leech et al., 1983; Wilson et al., 1984). More recently, 
other parameters such as body surface area (BSA), body mass index (BMI) 
and Broca index (BI) have been used (Bruschi et al., 1992). 
In the elderly, however, the relationship between MSRP and body 
dimension remains to be established. Recently, Bruschi et al. (1992) 
reported that body surface area and age are not good predictors of MSRP in 
subjects over 55 years of age. Despite this, Bruschi et al. (1992) reported 
prediction equations for MSRP based on these two parameters with a 
regression line extrapolated to beyond 55 years of age. 
The fact that existing prediction equations for MSRP (based upon age and 
some index of body size) fail to predict respiratory muscle strength 
accurately in the elderly, suggests that some other factor(s) that affect 
respiratory muscle strength may take on greater prominence with 
advancing age. For example, nutritional status is known to be an 
important determinant of respiratory muscle function (Tolep and Kelsen, 
1993). 
Another factor that may explain the variation of reported values for 
MSRP is physical activity. Chen and Kuo (1989) have suggested that 
increased physical activity may enhance respiratory muscle function, as 
appears to be the case in younger athletes (Coast et al., 1990). Bruschi et al. 
(1992) have even suggested that incorporation of "physical fitness" may 
improve regression models for MSRP. 
Some investigators have adopted a slightly different approach to the 
assessment of inspiratory muscle performance; namely the dynamic sniff 
manoeuvre (Psniff)(Miller et al., 1985; Laroche et al, 1988; Wanke et al., 
1990; Koulouris et al., 1993). The difference between Psniff and MSRP lies 
in the force-velocity and length-tension. relationships of the respiratory 
muscles. When performing static pressure manoeuvres there is a 
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minimal airflow through the leak, which results in a higher pressure 
because of the force-velocity relationship. Also, the change in volume 
will be smaller, resulting in a smaller decrease of diaphragm length and a 
higher pressure because of the length-tension relationship (Hcijdra et al., 
1993). Changes that occur in the respiratory skeletal muscles with 
advancing age may not be accurately reflected by measuring the static 
pressure generating capacity of the muscles. The dynamic strength 
generating capacity of muscle declines more markedly than its static 
generating capacity (Lexell, 1993). Furthermore, the dynamic manoeuvre 
more closely resembles the activation, co-ordination and recruitment of 
the diaphragm and other respiratory muscles during active inspiration. 
Consequently, Psniff may provide more information regarding the 
functional deterioration of the respiratory muscles associated with 
advancing age. Unfortunately, there are no 'normal' values for Psniff and 
previous studies have only incorporated small numbers of subjects 
(Koulouris et al, 1989; Wanke et al, 1990). The influence of age upon this 
parameter is consequently unknown. 
The preceding discussion has highlighted the lack of agreement over the 
effect of increasing age on respiratory muscle function. The problems 
associated with cross-sectionally derived regression models for respiratory 
muscle strength have undoubtedly contributed to the contradictory 
evidence. Furthermore, the influence of other parameters such as 
physical activity and indices of body size remains to be established. Thus, 
it was the purpose of the following experiments to determine the 
influence of these factors upon respiratory muscle strength in a group of 
healthy, elderly human beings. 
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3.2 Maximum Static and Dynamic Respiratory Pressures in Healthy, 
Elderly Subjects: Assessment, Prediction and the Influence of Physical 
Activity 
3-2.1 Introduction 
The simplest quantitative indeces of respiratory muscle function are the 
maximal pressures, generated at the mouth, after full inspiration and full 
expiration; that is, maximal expiratory pressure (PEmax) and maximal 
inspiratory pressure (Plmax). The usefulness of maximal static respiratory 
pressures (MSRP) as indeces of respiratory muscle strength has been 
obscured by the remarkably large variability of the values reported in the 
literature; such differences may be attributable to methods of 
measurement and/or study populations. 
Respiratory mouth pressures have traditionally been measured using 
pressure gauges, or a pressure transducer (e. g. Validyne, USA), though 
more recently hand-held devices have been introduced (e. g. Precision 
Medical, UK). Traditional techniques required the respiratory pressures to 
be sustained for a minimum of one second. This was necessary because of 
the limitation of the equipment. For example, pressure gauges made 
measurement of the transient maximum value impractical and the 
pressure needed to be sustained in order for the operator to be able to 
obtain a reading from the dial. 
Values reported in the literature represent the highest obtained from as 
many as 20 (Ringqvist, 1966), 3 (Wilson et al., 1994), or even 2 (Black and 
Hyatt, 1969) trials. In addition, it has been suggested that a major factor 
contributing to the variation in maximum mouth pressures reported, may 
be the type of mouthpiece used (Koulouris et al., 1988). 
Normal values for maximum mouth pressures are also a reflection of the 
characteristics of the subjects studied. Smoking history, Ethnic origin, 
population sizes, subject motivation, and non-uniform screening 
procedures will all add to the variability of values reported across different 
studies. 
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The variability in reported values for respiratory muscle strength has 
made the assessment of independent effects such as age, body size, physical 
activity and nutritional status upon respiratory muscle function more 
difficult to discern. For example, many previous studies have suggested 
that respiratory muscle function declines as age advances (Ringqvist, 1966; 
Black and Hyatt, 1969; Wilson et al, 1984), whilst others have observed no 
such correlation (McElvaney et al., 1989), or a weak association (Bruschi et 
at., 1992). Even less certain are the effects of body dimension and physical 
activity on respiratory muscle strength. 
It is reasonable to suggest that both increasing body size and high levels of 
physical activity may enhance respiratory muscle performance in the 
elderly. However, there is presently no experimental evidence in support 
of either of these hypotheses. There is an obvious, and well documented, 
association between the amount of physical activity and skeletal muscle 
strength (Atha, 1981). There would appear to be no reason why the 
respiratory muscles should not show a similar relationship. 
Recently, Dipietro et al. (1993) have devised an investigator administered 
questionnaire for assessing physical activity in the elderly (YPAS). Several 
indices of physical activity can be obtained for an individual based on their 
responses to simple questions regarding their daily, weekly or monthly 
routine. Dipietro et al. (1993) were able to show a significant correlation 
between vigorous physical activity, quantified by their questionnaire, and 
the maximum aerobic capacity W02 max) of their subjects. 
Another accepted method for determining respiratory muscle strength is 
the dynamic sniff manoeuvre. Unfortunately, there are no 'normal' 
values currently available for this parameter and the influence of age, 
body dimension and physical activity remains to be established. 
It was the purpose of the following experiment ; (1) to measure MSRP and 
Psniff in a group of healthy, elderly subjects; (2) compare these values with 
those obtained by previous studies; (3) to determine the test-retest 
reliability of MSRP and Psniff; (4) to determine the influence of age, 
indices of body size and physical activity upon MSRP; and (5) based on the 
data collected, derive prediction equations for MSRP and Psniff for 
healthy, elderly men and women. 
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3-2.2 Methods 
3.22.1 Subjects 
Forty one Caucasian subjects (18 male; 23 female), drawn from the 
volunteer panel described in Section 2-12, participated in the study. All 
subjects were non-smokers, either lifetime never smokers (n=14) or ex- 
smokers of at least five years (n=27). Stature and body mass were 
determined using the equipment and methods described elsewhere 
(Section 2-12). Informed consent and local Ethical Committee approval 
were obtained. 
3-2.2.2 Measurement of respiratory muscle strength 
Respiratory muscle strength was measured using a hand held mouth 
pressure meter (Precision Medical Ltd., Pickering, North Yorks, UK) 
(Section 2.11) on two occasions, approximately one week apart. 
Maximum inspiratory pressure was measured at residual volume. The 
subjects were instructed to insert the flanged mouth-piece and "slowly 
empty their lungs as much as they could" then "breathe in as hard and as 
quickly as possible" against the valve. Maximum expiratory pressure was 
determined at total lung capacity; subjects were instructed to insert the 
flanged mouth-piece and "gently fill their lungs as much as possible" then 
"blow out as hard and fast" as they could against the valve. Both 
manoeuvres were performed seated whilst wearing a nose-clip. The 
measurements were repeated until three technically acceptable readings 
for each parameter were obtained that were within approximately 20% of 
each other. The highest values for peak pressure (Ppeak) and maximum 
pressure maintained over 1 second (Pmax) were recorded for inspiratory 
and expiratory manoeuvres. Strong verbal encouragement was given 
during the test so that maximal inspiratory or expiratory effort was 
maintained for 2-3 seconds. 
Sniff pressure was obtained by asking the subject to perform at least three, 
maximal short, sharp sniffs through one nostril, whilst occluding the 
other nostril with the hand. The pressure was determined via a tube, 
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placed on the tongue at the back of the mouth (as close to the nasopharynx 
as possible) connected to an electronic differential manometer (Mercury 
M14)(Section 2-10). The manometer output was linked to a flat bed chart 
recorder and the measurement system was calibrated electronically before 
each subject. Pressures were measured directly from the analogue tracing. 
3-2.2.3 Assessment of physical activity 
Of the 39 subjects recruited for the study, 27 (13 males; 14 female) attended 
the laboratory on a separate occasion for an interview regarding their 
physical activity. This was determined by using The Yale Physical Activity 
Survey for Older Adults questionnaire. Subjects were questioned by one 
of two investigators using the methodology recommended by the authors 
(Dipietro et al. 1993). The questionnaire is designed to quantify the 
frequency and duration of physical activities undertaken by elderly 
people. These range from vigorous activities, such as cycling and 
swimming, to sedentary past-times (e. g. needlework, watching television). 
Information obtained from the questionnaire yields a total time summary 
index (h. wk-1), energy expenditure summary index (kcal. wk-1), vigorous 
activity index (units. month-1), leisurely activity index (units. month-1) and 
moving, standing and sitting indices (h. d-1)(Appendix 3-2.2.3). 
3-2.2.4 Estimation of Maximal Oxygen Uptake 
Ventilation and gas exchange were determined using the methods and 
apparatus described in Section 2-7. 
An incremental exercise test was performed as part of an investigation 
into the rating of breathlessness during treadmill walking. The results of 
that analysis and a full description of the techniques and apparatus used is 
given elsewhere (Section 5-3). A value for V02max was obtained by 
extrapolation of the data points to the predicted maximum heart rate of 
each subject (Fcpmax) (calculated using; Fcpmax = 210 - 0.65*age). 
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3.2.2.5 Statistical Methods 
All data was transferred to Loughborough University's mainframe 
computer (Hewlett Packard Unix) and analysed using SAS software (SAS 
Institute Inc, Cary, NC, U. S. A. ) Transcription error checks were carried out 
at each stage of data input. Pearson product-moment correlation 
coefficients and significance probabilities were calculated between 
maximum static respiratory pressures and anthropometric variables. 
Reliability and reproducibility was calculated by the methods described by 
Bland and Altman (1986). Multiple regression analysis by the stepwise 
method was used to produce prediction equations for Pimax and PEmax 
with the independent variables (stature, mass, age) and a constant. The 
relationship between Pimax and PEmax and data obtained from the YPAS 
questionnaire was determined using Pearson product-moment correlation 
coefficients and significance probabilities. The significance level for all 
analyses was set at 5% (p<0.05). 
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3.2.3 Results 
Thirty nine subjects completed the assessment of respiratory muscle 
strength on both occasions. All the subjects were capable of performing 
the manoeuvres satisfactory following instruction. A total of 468 
maximum respiratory manoeuvres were performed (234 inspiratory and 
234 expiratory). Basic anthropometric data for the subjects studied are 
shown in Table 3-2.3. 
Table 3-2.3: Mean(±SD) and ranges for basic anthropometry for the 
subjects studied (n=39). 
Males (n=17) Females (n=22) 
Variable Mean(±SD) Range hlean(±SD) Range 
Age (yrs) 71.3(±6.9) 59 - 84 70.4(±5.2) 63 - 81 
Stature (cm) 174.0(±6.4) 157.9 - 184.4 156.9(±5.2) 145.8 - 165.2 
Mass (kg) 78.3(±8.6) 59.5-91.5 63.8(±10.2) 46.0-90.5 
SD=standard deviation 
3.2.3.1 Measured values for Respiratory Muscle Strength 
Values obtained at each assessment for peak mouth pressures (Ppeak), 
maximum mouth pressures averaged over one second (Pmax) and sniff 
pressure (Psniff) are shown in Table 3-23.1. There was a strong and highly 
significant correlation between Ppeak and Pmax for both inspiratory and 
expiratory efforts at both assessments. The correlation coefficient (r) 
exceeded 0.97 for all these relationships (p<0.0001). In neither sex was 
there a significant difference between values obtained for ex-smokers and 
lifetime non-smokers (p>0.05). Values for male subjects significantly 
exceeded those of females for all indices of respiratory muscle strength 
(p>0.05; Table 3-2.3.1). 
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Table 3-2.3.1: Mean(±SD) Values and Ranges for Maximum Static and 
Dynamic Respiratory Mouth Pressures in Healthy, Elderly Men and 
Women. 
Variable Males (n=17) Females (n=22) 
Mean(±SD) Range Mean(±SD) Range 
cmH2O 
PEpeak 1 131.8±29.9 79-173 92.1±31.5 42 -179 
PEpeak 2 136.1±26.7 89 -176 91.9±32.8 48-190 
PEmax 1 122.8±28.4 75-163 81.7±30.7 37-169 
PEmax 2 123.3±27.1 84-172 81.0±29.9 46-159 
Pipeak 1 101.9±25.3 66-143 78.6±29.0 39-173 
Pipeak 2 102.1±26.8 65-143 84.6±29.5 50-175 
Pimax 1 94.3±25.9 56-134 73.0±28.3 37-164 
Pimax 2 96.9±26.3 61-138 76.3±27.2 49-162 
Psniff 1 73.1±29.8 21-135 52.0±23.8 28-130 
Psniff 2 72.2±20.0 41-104 54.9±28.9 25 -153 
._ 
Plpeak: peak inspiratory pressure; PEpeak: peak expiratory pressure; PImax: maximum 
inspiratory pressure averaged over one second; PEmax: maximum expiratory pressure 
averaged over one second; Psniff: maximum sniff pressure; 1 refers to measurements obtained 
at the first assessment, whilst 2 refers to measurements obtained at the second assessment. 
Inspiratory manoeuvres were measured from residual volume. Expiratory manoeuvres were 
measured from total lung capacity. All values are in cmH2O 
There was good agreement between values for Ppeak and Pmax measured 
at the two assessments, though all parameters were generally higher at the 
second assessment (Figs 3-2.3.1a, 3-2.3.1b, 3-2.3.1c and 3-2.3.1d). This 
increase was small and not statistically significant except in one instance; 
female subjects demonstrated a significant increase in peak inspiratory 
mouth pressure (Pipeak) at the second assessment compared to the first. 
Comparison of peak mouth pressures showed a mean±SD difference of 
0.60±7.37 cmH2O for expiratory, and 1.60±5.72 cmH2O for inspiratory 
manoeuvres, respectively, over the one week interval. The difference for 
Pmax was -0.26±6.38 cmH2O 
for inspiratory efforts and 1.41±5.12 cmH2O 
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for expiratory efforts, respectively. These data are displayed in Figs 3-2.3.1c, 
3-2.3.1f, 3-2.3.1g and 3-2.3.1h. 
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The agreement between dynamic sniff measurements obtained at the two 
assessments were not so close as for MSRP (Figs 3-2.3.1i); over a period of 
one week, there was a mean. SD difference of 0.96±9.13 cmH20 in values 
for Psniff (Figs 3.2.3.1j). 
3-2.3.2 Prediction of respiratory muscle strength for healthy, elderly 
subjects 
Almost all previous studies have quoted the maximum pressure averaged 
over one second (Pmax) as their index of respiratory muscle strength. In 
the present study, values for the Pmax were slightly more reproducible 
over the one week period than Ppeak. In addition, values of Pmax 
obtained at the second assessment were higher than those obtained at the 
first. For these reasons, the PEmax and Plmax determined at the second 
assessment were selected as the most appropriate indices of respiratory 
muscle strength for the regression and correlation analyses. 
Regression equations for respiratory muscle strength generally incorporate 
age, stature, or mass (or a combination of two or more of these factors) as 
independent variables. Pearson product-moment correlation coefficients 
were calculated between maximum respiratory pressures (both dynamic 
and static) and age, stature, mass body mass index (BMI) and body surface 
area (BSA), for both males and females (Table 3-2.3.2a). All indices of 
respiratory muscle strength (PEmax, Pimax, Psniff) showed a statistically 
significant negative correlation with age. No single index of body 
dimension was significantly correlated to respiratory muscle strength in 
balh males and females. For female subjects, mass, BMI and BSA were 
significantly correlated with maximum respiratory pressures. In contrast, 
for males, mass, BMI and BSA were only significantly correlated to Pimax. 
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Table 3-2.3.2a: Pearson product-moment correlation coefficients for 
maximum respiratory pressures against age, and indices of body 
dimension in healthy, elderly subjects. 
Males (n=17) 
Variable age stature mass BSA BMI 
(yrs) (cm) (kg) 
PEmax -0.507 0.349 -0.194 -0.068 -0.477 
0.04 0.17 0.46 0.80 0.05 
Pimax -0.539 0.011 -0.603 -0.498 -0.709 
0.02 0.97 0.01 0.04 <0.01 
Psniff -0.489 0.235 -0.191 -0.088 -0.394 
0.05 0.36 0.46 0.74 0.12 
Females (n=22) 
Variable age stature mass BSA BMI 
(yrs) (cm) (kg) 
PEmax -0.597 0.523 0.645 0.676 0.455 
<0.01 0.01 <0.01 <0.01 0.03 
Pimax -0.456 0.331 0.695 0.676 0.584 
0.03 0.13 <0.01 <0.01 <0.01 
Psniff -0.544 0.303 0.612 0.597 0.506 
0.01 0.17 <0.01 <0.01 0.01 
The upper number is the value of the Pearson product moment correlation coefficient. The 
lower number is the significance (p) value for the relationship. A p-value of less than 0.05 
indicates a significant correlation 
BSA = /(stature [cm] x mass [kg] / 3,600) (Bruschi eta!., 1992) 
13NII = mass[kg]/stature[m]2 
Stepwise multiple regression analysis was performed to generate 
prediction equations for PEmax, Plmax and Psniff (Table 3.2.3.2b). Age, 
stature and mass were selected as independent variables. Inclusion of 
stature and mass, as well as age, significantly improved the regression 
models for all indices of respiratory muscle strength except for PEmax for 
male subjects. Although incorporation of stature and mass in this 
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regression model improved the coefficient of determination (r2 value), the 
statistical significance (p-value) for the model exceeded the 5% level (i. e., 
p>0.05). All regression models displayed are significant at the 5% level of 
probability except the prediction equation for Psniff for male subjects, since 
an equation could not be derived that met this criterion. The equation 
that gave the best coefficient of determination (r2 value) is shown and the 
significance level reported. 
Table 3-2.3.2b: Regression coefficients and constants for prediction 
equations of maximum respiratory pressures in healthy, elderly subjects 
(n=39; 17 males, 2? females). 
Age 
(yrs) 
Stature 
(cm) 
Mass 
(kg) 
Constant r2 
Pimax Males -0.713 1.323 -2.117 83.477 0.520 
Females -0.601 T 0.209 1.652 -19.395 0.496 
PEmax Males 1 -1.992 - - 265.350 0.257 
Females -1.555 1.370 1.208 -101.422 0.553 
Psniff Males 2 -1.171 0.848 -0.487 45.661 0.284 
Females -1.771 -0.116 1.285 115.796 0.445 
All models were significant (p<0.05) unless stated: 
1 Incorporation of a mass and a stature term in the regression equation 
improved the r2 value but the significance of the regression coefficient 
the 5% level (i. e., p>0.05). 
2 This equation gave the best r2 value (p=0.21) but the significance of the 
regression coefficient for all models exceeded the 5% level of 
significance (p>0.05). 
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3-2.3.3 The estimation of physical activity using the YPAS questionnaire 
Using the Yale Physical Activity Survey for Older Adults (YPAS) 
questionnaire, values for a number of indices of physical activity were 
obtained. Mean, standard deviation, minimum and maximum values for 
these parameters are presented in Table 3-2.3.3a. 
Table 3-2.3.3a: Mean, standard deviation and range for indices of physical 
activity derived from the YPAS questionnaire administered to a group of 
healthy, elderly volunteers (n=27; 13 males, 14 females). 
Mean±SD Minimum Maximum 
YPAS activities 
checklist 
Total time 34±15 8 70 
(h. wk-t) 
Energy Exp. 6798±2944 1649 12608 
(kcal. wk-1) 
YPAS activity 
dimensions indices 
Summary (total) 61±25 24 113 
Vigorous 20±21 0 60 
(units. month-1) 
Leisurely walk 23±12 0 48 
(units-month-1) 
Moving (h. d-1) 11±3 6 15 
Standing (h. d-1) 4±2 0 10 
Sitting (h. d-1) 2±1 14 
SD=standard deviation 
The relationship between of physical activity and respiratory muscle 
strength and VO2max was assessed by calculating Pearson product-moment 
correlation coefficients. The correlation matrix is shown for males in 
Table 3-2.3.3b and for females in Table 3-2.3.3c. For male subjects, only the 
average number of hours spent standing each day correlated significantly 
with PEmax, Psniff and VO2max (mls. kg"1). Equally, for female subjects, 
only two significant correlations existed (Standing index and Pimax; 
Leisure Walking index and PEmax). 
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Table 3-2.3.3b: Correlation matrix for indices of physical activity with 
maximum respiratory pressures and V02max (mis. ks-1) for male, healthy, 
elderly subjects (n=13). 
Variable PEmax Ptmax Psniff VO2max 
(mis. k -1) 
Total time -0.408 -0.186 0.108 -0.183 
NS NS NS NS 
Energy Exp. -0.416 -0.021 0.287 -0.083 
(kcal. wk-1) NS NS NS NS 
Summary 0.167 0.362 0.2127 0.078 
(total units) NS NS NS NS 
Vigorous Index 0.132 0.500 0.245 -0.033 
(units. month-1) NS NS NS NS 
Leisurely walk 0.163 -0.100 0.075 0.374 
(units. month-1) NS NS NS NS 
Moving 0.193 0.321 0.284 -0.093 
(h. d-1) NS NS NS NS 
Standing -0.664 -0.452 -0.603 -0.715 
=0.01 NS =0.02 =0.01 
Sitting 0.170 -0.152 -0.371 -0.426 
NS NS NS NS 
Upper number represents the value of the Pearson product-moment 
correlation coefficient. The significance value of the correlation is given 
below. NS: Not significant i. e., p>0.05 
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Table 3-2.3.3c: Correlation matrix for indices of physical activity with 
maximum respiratory pressures and VO2n, ax (mis. kg-1) for female, 
healthy, elderly subjects (n=14). 
Variable PEmax Plmax Psniff VO2max 
(mis. k "1) 
Total time -0.434 -0.185 -0.266 0.063 
(h. wk-1) NS NS NS NS 
Energy Exp. -0.416 -0.227 -0.224 0.2564 
(kcal. wk-1) NS NS NS NS 
Summary -0.378 -0.391 -0.315 0.455 
(total units) NS NS NS NS 
Vigorous Index -0.086 -0.345 -0.177 0.570 
(units. month"1) NS NS NS NS 
Leisurely walk -0.639 -0.311 -0.371 0.042 
(units. month"1) p=0.02 NS NS NS 
Moving -0.010 0.136 0.257 0.381 
(h. d"1) NS NS NS NS 
Standing 0.478 0.658 0.294 -0.473 
(h. d"1) NS =0.01 NS NS 
Sitting -0.106 -0.266 -0.277 -0.017 
(h. d"1) NS NS NS NS 
Upper number represents the value of the Pearson product-moment 
correlation coefficient. The significance value of the correlation is given 
below. NS: Not significant i. e., p>0.05 
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3-2.4 Discussion 
The results of the present study suggest that both Ppeak and Pmax 
represent reliable and reproducible indices of the respiratory muscle 
strength. However, the reproducibility of Pmax exceeded that of Ppeak 
and was therefore selected as the most appropriate index of respiratory 
muscle strength in healthy, elderly men and women. A statistically 
significant negative correlation existed between age and Pmax for both 
males and females. There were generally poor correlations between 
respiratory muscle strength and indices of body size. Furthermore, 
physical activity, as assessed using the YPAS questionnaire (Dipietro et al., 
1998), did not correlate with Pimax or PEmax in either males or females. A 
contemporary set of prediction equations was derived to enable the 
estimation of respiratory muscle strength in healthy, elderly subjects 
between 59 and 84 years of age. 
Early measurements of respiratory pressures were made using analogue 
pressure gauges. This technique requires the subject to maintain the 
pressure for a period of at least one second so that a reading may be 
obtained. The advent of new technology, whereby the pressure measured 
electronically could be recorded on a chart tracing, meant that sustaining 
pressure for at least one second became unnecessary. However, despite the 
absence of any physiological justification for the continued use of a 
sustained pressure, the maximum pressure maintained for at least one 
second has become the accepted index of respiratory muscle strength. 
The hand-held mouth pressure meter (Precision Medical Ltd. ) measures 
both the peak pressure and the average maximum (or minimum) mouth 
pressure achieved over a one second period. The sustained pressure is, of 
course, slightly lower than that averaged over the one second period. 
Hamnegard et al. (1993), compared the "average" Pmax with "sustained" 
Pmax and found a mean±SD difference of 9.0±4.7 cmH2O for Plmax and 
7.1±7.1 cmH2O for PEmax, with smaller differences at lower pressures. 
These investigators (Hamnegard et al., 1993) suggested that average 
pressure over one second was a better reflection of the maximal strength 
of the muscles, though they offered no explanation as to why this should 
be the case. Maximal pressure sustained for at least one second was not 
determined in this study so it is impossible to say how these readings 
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compare with those of the "average" Pmax. Taking into account the 
findings of Hamnegard et al. (1993), it seems reasonable to assume that 
values for "average" Pmax obtained in the present study are slightly 
higher than could have been expected for values of "sustained" Pmax. 
In the present study, the reproducibility of Ppeak and Pmax obtained using 
the hand-held mouth pressure meter was examined. Comparison of 
values for Ppeak and Pmax over a one week period yielded almost 
identical results. There were no significant differences between values of 
Pmax measured on the two occasions. This was also the case for Ppeak 
with one exception; values of peak inspiratory pressure (Plpeak) increased 
significantly in female subjects. Furthermore, the reproducibility of Pmax, 
as assessed by the methods of Bland and Altman (1986), was greater than 
that of Ppeak. As a result, Pmax was selected as the most appropriate index 
of respiratory muscle strength. However, the data suggests that Ppeak 
provides an accurate and reproducible index of respiratory muscle strength 
in healthy, elderly subjects. 
3-2.4.1 MSRP 
To date, relatively little has been published regarding respiratory mouth 
pressures in the elderly. A number of investigators have documented 
"normal" ranges for maximum mouth pressures, and there are widely 
different values in the literature. Several of these report mean values as 
measured in the study for different age groups drawn from an adult 
population (Ringqvist, 1966; Black and Hyatt, 1969; Chen and Kuo, 1989; 
McElvaney et al., 1989). Table 3-2.4.1 shows the data obtained by previous 
investigators for age groups covering a similar range to the present study. 
Unfortunately, direct comparison of these data with the results from the 
present study cannot be made for the reason outlined above. However, 
despite this anticipated discrepancy, the data suggests that values for 
PEmax obtained in present study are lower than previously reported for 
elderly Caucasian subjects. Values of PEmax obtained by Chen and Kuo 
(1989) more closely resemble those obtained in the present study. 
Differences in values of Plmax across the different studies are less 
pronounced, but again the data suggests that, values obtained in the 
present study were slightly lower than previously reported for Caucasian 
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subjects. The lowest reported values of PEmax and Pimax were those 
obtained by Chen and Kuo, (1989) using Chinese volunteers. 
The variability in reported values of maximum static respiratory values is 
linked principally to two factors; the different methods of measurement 
employed and the different features of the study populations. 
The equipment used to measure pressure varies across these studies and is 
likely to contribute to the observed discrepancy between reported values. 
Ringqvist (1966) used a inductive pressure transducer linked to piece of 
metal tubing, which acted as the mouthpiece. Black and Hyatt (1969) 
measured the pressure with two diaphragm gauges mounted on a metal 
bar connected via a pressure tap to a rigid plastic mouthpiece. Both 
Ringqvist (1966) and Black and Hyatt (1969) incorporated a small air leak. 
Chen and Kuo (1989) employed a differential pressure transducer to 
measure the respiratory pressures but did not use an air leak. All of these 
investigators reported the pressure as the maximum pressure sustained 
for a minimum of one second. In the present study, a hand-held mouth 
pressure meter was used which determined the maximum pressure 
averaged over one second. This value has been reported to exceed the 
maximum sustained pressure (see above and Hamnegard et al., 1993). 
Ringqvist (1966) and Black and Hyatt (1969) used a tube mouthpiece, 
whereas the type of mouthpiece used by Chen and Kuo (1989) is not 
reported in their paper. Recently, Koulouris et al. (1988) have suggested 
that a major factor in the variability of published values for maximum 
respiratory pressures is the type of mouthpiece used. These investigators 
argued that in normal subjects, the pressures generated are great, and, 
particularly during the expiratory manoeuvre, there is a problem of air 
leak around the flanged mouthpiece. Such a leak, or fear of it, is the likely 
reason for reduced mouth pressures reported in studies which incorporate 
this type of mouthpiece (Moxham, 1990). With the tube mouthpiece used 
in other studies, normal subjects instinctively press the tube more firmly 
to their face as they make greater efforts (Koulouris et al., 1988). Maximal 
inspiratory manoeuvres are less affected by the problem of air leakage. 
The fact that values of PEmax obtained in the present study are lower that 
those obtained previously in elderly Caucasian subjects may be partly 
attributed to this phenomenon. Indeed the observation that Plmax more 
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closely resembles values reported previously would lend additional 
support to this theory. Subjects in the present study did experience a 
problem with air leakage, particularly during the determination of PEmax. 
It has also been suggested that values obtained by Ringqvist (1966) are 
unusually high (Wilson et al., 1984). Black and Hyatt (1969) attributed this 
to Ringqvist's use of an extensive series of measurements in each subject, 
whereas they used only two satisfactory measurements. McElvaney et al., 
(1989) repeated the measurements until three readings were obtained with 
less than 5% variability. This usually required approximately six 
manoeuvres to be performed. In the present study subjects about 3-4 
measurements for each for PEmax and Plmax were performed. Although 
subjects require practice and encouragement to make maximal efforts 
(Rochester, 1988), the reproducibility of respiratory mouth pressures does 
not seem to improve by increasing the number of manoeuvres beyond 
certain limits (Fiz et al., 1989). It would seem unlikely therefore that the 
number of respiratory efforts Ringqvist (1966) asked his subjects to 
perform would have influenced the data substantially. However, what 
may have been more important is the motivation of the subjects. 
Ringqvist (1966) recorded oesophageal pressure in addition to 
measurements of PEmax and Pimax, which required the passage of an 
oesophageal balloon. It is therefore likely that only highly motivated 
subjects participated. Subjects who took part in the present study 
volunteered and were not rewarded or compensated for attending. They 
were therefore generally well motivated but possibly not to the extent that 
subjects were in Ringqvist's study (1966). 
Another possible source of the discrepancies between the results obtained 
in the present study and those of previous investigators, may stem from 
study population. The numbers of elderly subjects recruited in the present 
study and in the previous studies of Ringqvist (1966), Black and Hyatt 
(1969) and Chen and Kuo (1989) are similar, though McElvaney et al., 
(1989) studied a considerably larger number. In addition, subject selection 
could constitute another difference between these studies. Subjects were 
recruited to the present study if they had no previous history of 
cardiorespiratory complaints and were non-smokers, or ex-smokers of at 
least five years. Varying screening procedures will inevitably lead to non- 
uniform populations. Subjects recruited by Ringqvist (1966) included a 
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high proportion of hospital personnel (doctors, medical students, nurses, 
laboratory assistants etc. ) whereas in other studies patients have been used 
provided there was an absence of abnormal spirometry and/or abnormal 
electrocardiographs (McElvaney et al., 1989), or whilst they attended a 
clinic for a general examination (Black and Hyatt, 1969). Furthermore, in 
these previous studies both smokers and non-smokers have been 
incorporated and no attempt has been made to separate the two groups 
(Ringgvist, 1966; Black and Hyatt, 1969; Chen and Kuo, 1989; McElvaney et 
al., 1989). Chen and Kuo (1989) have suggested that PEmax is greater in 
chronic smokers as a result of a training effect upon the respiratory 
muscles induced by smoking related, elevated airways resistance. 
However, the results of the present study suggests that previous smoking 
history does not affect PEmax and Pimax in either males or females. A 
similar finding has been obtained by previous investigators (Vinken et al., 
1987; Bruschi et al., 1992). 
The ethnic origin of the subjects may explain some of the observed 
differences between the results of present study and previous experiments. 
For example, the values for MSRP obtained by Chen and Kuo (1989) were 
lower than values reported for Caucasian subjects in the present study and 
in previous studies (Ringgvist, 1966; Black and Hyatt, 1969; McElvaney et 
al., 1989). The Chinese subjects in their study were generally smaller and 
lighter for a given age, and so would tend to have lower values for 
respiratory mouth pressures. 
Finally, to date studies concerned with respiratory muscle strength have 
been cross-sectional in design. The values they report therefore represent 
the study populations from which the data was derived. Populations in 
more recent studies will tend to fall into the same age cohort as subjects 
from the present study and are therefore more likely to have experienced 
similar environmental and social conditions. Consequently, the most 
accurate estimations of 'normal' values for MSRP will be obtained from 
studies which employed similar methodology and were derived from a 
population in the same age cohort as the subject population under 
investigation. 
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3-24.2 Psniff 
Values obtained for Psniff were significantly lower than Pimax in both 
males and females (p<0.05) but a significant positive correlation existed 
between Psniff and Pimax. Recently, Heijdra et al., (1993) were unable to 
demonstrate a significant correlation between Psniff and Pimax. In the 
present study, the elderly subjects had great difficulty in performing the 
test since a degree of co-ordination was required between respiratory and 
limb movements. Often several attempts had to be made before the 
subject was able to perform the test properly, and this may have accounted 
for the variability in repeated measurements. Despite the agreement 
between PImax and Psniff, there would appear to be little advantage in 
using Psniff in preference to Plmax. 
3-2.4.3 Correlation analysis of MSRP with age and indices of body size 
In the present study, there were generally poor correlations between 
stature and MSRP. Mass and BSA also correlated poorly with MSRP for 
male subjects, however the use of BMI did improve the correlation to 
some extent. For female subjects, there were significant correlations 
between mass, BSA and BMI and all indices of respiratory muscle strength. 
This finding is contrary to that of Bruschi et al., (1992). Body mass and 
percentage body fat content increase with advancing age, especially in 
women (Fowler, 1985). In addition, advancing age is associated with 
vertebral collapse and a consequent reduction in stature and increased 
kyphosis. These changes would appear to be important factors in 
determining the respiratory muscle strength in healthy, elderly women 
but not in men; for male subjects the only significant correlation existed 
between BSA or BMI and Pimax. Incorporation of body surface area, 
instead of stature and mass into the linear regression analysis, failed to 
improve the r2 value for any model. The fact that physical characteristics 
are not good determinants of maximum respiratory pressures may be 
evidence in support of the theory that other factors, such as physical 
activity, influence respiratory muscle strength more strongly in later life. 
The results from the present study confirm the findings of Ringqvist 
(1966) and Black and Hyatt (1969) that maximum static respiratory 
pressures decline as age increases. There were negative correlations of 
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PEmax, Pimax and Psniff with age, all of which were statistically significant 
except for the correlation between Psniff and age in elderly men. This 
correlation approached statistical significance (p=0.05) however. It is 
possible that a larger number of subjects may have reduced the p-value to 
below the critical 5% level. 
3-2.4.4 Physical activity as assessed using the YPAS questionnaire 
In the present study, indices of physical activity obtained using the YPAS 
questionnaire showed good agreement with those obtained by the authors 
of the questionnaire (Dipietro et al 1993). Subjects in our study appeared to 
do slightly more vigorous activity and more leisure walking than subjects 
in the original experiment (Dipietro et al. 1993). However, the total time 
spent on physical activities and the total energy expenditures were very 
similar. Despite these similarities, there were no meaningful correlations 
between MSRP and physical activity when the latter was measured using 
the YPAS questionnaire. This was true for male subjects, female subjects 
and all subjects grouped together irrespective of gender. 
In their paper, Dipietro et al. (1993) were able to demonstrate a positive 
relationship between the amount of vigorous physical activity 
(units. month-1) and VO2max derived by extrapolation of data from a 
submaximal incremental exercise test. In the present study a value for 
VO2max (ml. kg-1) was obtained in a similar manner. There was no 
significant correlation between this value and any index of physical 
activity in males. For female subjects, the maximum aerobic capacity 
(VO2max; ml"kg-1) was significantly correlated to the average amount of 
time spent standing per day. This result is hard to explain in physiological 
terms and would therefore appear to be a statistical "quirk". One possible 
explanation for the lack of a significant correlation between VO2max and 
vigorous activity, as had been shown by Dipietro et al. (1993), is the use of a 
value for VO2max in the present study that was obtained by extrapolation 
of data to a theoretical maximum (predicted maximum heart rate). There 
is a large variability in maximal heart rates and the use of predicted values 
for maximal heart rate to determine maximal exercise capacity and hence 
VO2max is questionable, particularly in the elderly (Astrand and Rodahl, 
1986). The values for VO2max in the present study may therefore not 
accurately represent the true value for the maximum aerobic capacity of 
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the subjects. Despite this criticism, Dipietro et al. (1993) derived VO2max 
in a similar way, and consequently it would have been expected that their 
data was subject to the same shortcomings as the data from the present 
study. 
A statistically significant correlation did not exist between MSRP and 
physical activity in the present study and this may be due to the types of 
physical activity the YPAS questionnaire covers. Respiratory muscles are 
known to exhibit similar adaptations to training as other skeletal muscles 
(Leith and Bradley, 1976). Therefore, to achieve a training effect, or to 
prevent a functional decline in the respiratory muscles due to disuse, the 
physical activity must provide a training stimulus of sufficient intensity to 
influence the strength and/or endurance of the respiratory muscles. 
Consequently, participation in sustained vigorous activities that raise 
minute ventilation are what should, in principle, influence MSRP most 
strongly. Because of its general nature, the YPAS questionnaire does not 
focus on such activities. Instead the emphasis is on the scope of physical 
activities undertaken, rather than their relative intensities. It may be 
appropriate to concentrate on more physically demanding exercises if one 
is seeking to discern a relationship between physical activity and 
respiratory muscle strength, or indeed V02max. 
In the Allied Dunbar National Fitness Survey (1992), calorific values were 
assigned to activities depending on whether the activity made them 
sweaty or out of breath. No such distinction is made in the YPAS 
questionnaire. Activities such as "light housework" or "food preparation" 
are unlikely to be sufficiently intense to condition the respiratory muscles 
to any extent. A questionnaire which would be more beneficial in 
determining the influence of activity on MSRP or VO2max may therefore 
need to concentrate on more strenuous pastimes which made subjects 
sweaty or out of breath. These activities are covered by the YPAS 
questionnaire but not in isolation and without consideration of the 
relative intensity to which the subject participated in them. 
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3-2.4.5 Summary 
There is a large variability in values for respiratory muscle strength 
reported in the literature. These values have been compared to values 
obtained in the present study and an attempt has been made to account for 
these differences. The data from the present study have been used to 
derive regression formulae for the calculation of normal values for MSRP 
and Psniff in healthy, elderly men and women aged between 60 and 84 
years. Correlations existed between respiratory pressures (MSRP and 
Psniff) and age suggesting an age-related decline in respiratory muscle 
strength. There were no meaningful correlations between MSRP and 
VO2max or any indices of physical activity obtained using the YPAS 
questionnaire. 
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3.3 The Influence of Physical Activity on Maximum Static Respiratory 
Pressures in Healthy, Elderly Human Beings 
3-3.1 Introduction 
In the previous experiment (Section 3-2) the influence of age and body 
dimension upon respiratory muscle strength was examined. Whilst 
correlations existed between these variables, the data suggested that they 
were not good determinants of maximum static respiratory pressures 
(MSRP) in healthy, elderly people. Furthermore, physical activity, as 
assessed by the Yale Physical Activity Survey for Older Adults (YPAS) 
questionnaire developed by Dipietro et al. (1993), appeared to have little or 
no influence upon maximum static respiratory pressures. 
Physical activity has been suggested as a determinant of MSRP because 
several previous investigators have experienced the same poor 
correlations between age and/or body size and respiratory muscle strength. 
For example, some investigators have previously demonstrated a 
correlation between advancing age and MSRP (Ringqvist 1966; Black and 
Hyatt 1969) whilst in older individuals, other have not (McElvaney et al., 
1989; Bruschi et al. 1992). The current literature is also divided on the 
issue of which physical characteristics most accurately determine the 
strength of the respiratory muscles. Perhaps the only absolute agreement 
in the literature concerns the influence of gender; i. e., it is generally 
accepted that males have higher values for MSRP than females. 
These findings have led some authors to suggest that other factors, such as 
physical work capacity, elastic recoil of the respiratory system, physical 
fitness, dietary habits, genetic and environmental factors, may contribute 
to the force generating properties of the respiratory muscles (Chen and 
Kuo, 1989; Bruschi et al., 1992). Therefore, it may be more appropriate to 
use these indices as predictors of respiratory muscle strength in the elderly 
rather than age and/or body dimension. 
For healthy, elderly men and women, the amount of physical activity 
undertaken over a period of time, incorporates many of these variables. 
Physical activity of sufficient intensity may improve the strength and 
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endurance of the respiratory musculature by stimulating minute 
ventilations in excess of resting levels and thus inducing a training effect. 
As discussed earlier, the data obtained in the previous experiment (Section 
3-2) suggested that physical activity, as assessed using the YPAS 
questionnaire (Dipietro et al., 1993), did not influence MSRP in the elderly. 
However, this result might be attributable to the broad range of activities, 
of both high and low intensities, encompassed within this questionnaire. 
Activities which have a low intensity are unlikely to initiate levels of 
ventilation necessary to provide a training stimulus, whilst higher 
intensity activities may be more likely to improve respiratory muscle 
function. Therefore, the YPAS questionnaire (Dipietro et al., 1993) may 
not identify and quantify the factors most likely to affect the respiratory 
muscle performance of healthy, elderly individuals. In addition, the 
retrospective quantification of physical activity over the previous month 
using questionnaires is known to be prone to exaggeration and the 
influenced by poor memory recall, particularly in the elderly (Cummin 
and Klineberg, 1994). Thus, a prospective estimate of physical activity may 
be more appropriate for this group. 
The purpose of this study therefore, was to establish the influence of 
physical activity (with a minimum duration of 20 minutes) on MSRP in a 
group of healthy, elderly men and women. Since the YPAS questionnaire, 
developed by Dipietro et al. (1993), was suspected of not being an 
appropriate method for quantifying the factors most likely to affect MSRP 
in the elderly, diary record cards would be used as an alternative method 
for the quantification of physical activity. 
3-3.2 Methods 
3-3.2.1 Subjects 
Subjects were drawn from the volunteer panel described elsewhere 
(Section 2-12). Ten healthy, elderly subjects (7 males; 3 female) were 
recruited for a study which aimed to establish the reproducibility of two 
rating scales for the quantification of exertional breathlessness, the results 
of which are reported elsewhere (Section 5-2). The experiment 
80 
incorporated a four week interval, during which the subjects participated 
in the present experiment. 
Subjects had attended the laboratory previously, though they were 
unaware of the exact nature of the present experiment. Of the ten subjects 
recruited, 4 were non-smokers (lifetime never smokers), and 6 were ex- 
smokers of at least five years (30±16; mean±sd number of years since 
stopping smoking). Informed consent and local Ethical Committee 
approval were obtained. 
3-3.2.2 Respiratory muscle strength and assessment of physical activity 
Respiratory muscle strength was measured using a hand held mouth 
pressure meter (Precision Medical Ltd., Pickering, North Yorks, UK) fitted 
with a flanged mouthpiece (P. K. Morgan Ltd., Gillingham, Kent, 
UK)(Section 2-11). Pimax was measured at residual volume after maximal 
expiration (MIPORV) and after expiration to functional residual capacity 
(MIP©FRC); PEmax was determined at total lung capacity after maximal 
inspiration (MEP@TLC). The pressures reported are the maximum 
pressures averaged over 1 second. Three measurements for each 
parameter were made and the highest value recorded. A detailed account 
of the measurement technique is given elsewhere (Section 3-2.2.2). 
Subjects attended the laboratory on two occasions approximately one week 
apart. At the first visit, subjects performed the maximum static respiratory 
manoeuvres to familiarise them with the measurement technique; the 
measurements were not recorded. Results obtained at the second visit are 
reported. Also at the second visit, subjects were given a Diary Record Card 
(Appendix 3-3.2.2) and asked to use it to record all physical activities of 
greater than 20 minutes duration for the following four weeks. After this 
interval, subjects returned the DRC to the laboratory, in person. Each 
physical activity undertaken was assigned an energy expenditure value in 
kcals. min-1, in accordance with methods used in the Allied Dunbar 
National Fitness Survey (1992). This value was multiplied by the duration 
of the activity (in minutes), to give a total energy expenditure for the 
activity. All such total values were summated to yield a total energy 
expenditure for the four week study period. This value was then divided 
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by the number of days that physical activities were recorded, to give an 
average daily energy expenditure (kcals. d-1). 
3-3.2.3 Statistical Methods 
All data was transferred to Loughborough University's mainframe 
computer (Hewlett Packard Unix) and analysed using SAS software (SAS 
Institute Inc, Cary, NC, U. S. A. ). Pearson product-moment correlation 
coefficients and significance probabilities were calculated between MSRP 
and age, indices of body size and physical activity. The significance level 
for all analyses was set at 5% (p<0.05). 
3-3.3 Results 
Mean, standard deviation, minimum and maximum values for age and 
basic anthropometry for the subjects are shown in Table 3-3.3a, and for 
physical activity and maximum static respiratory pressures (MSRP) in 
Table 3-3.3b. Physical activities recorded during the four week study 
included walking, folk dancing, cycling, jogging and tennis. Thus, it seems 
reasonable to conclude that the subjects had correctly recorded the most 
vigorous of their activities. 
Table 3-3.3a: Mean, Standard Deviation and Range for Basic 
Anthropometry for the Subjects Studied 
(n=10; 7 Male, 3 Female) 
Variable Mean S. D. Min Max 
Age (yrs) 71 7 61 84 
Stature (cm) 171 10 150 181 
Mass (kg) 73.8 13.2 48.5 85.5 
S. D. = standard deviation 
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Table 3-3.3b: Mean, Standard Deviation and Range for Physical Activity 
and Maximum Static Respiratory Pressures for the Subjects Studied 
(n=10; 7 Male, 3 Female) 
Variable Mean S. D. Min Max 
Physical Activity 331 254 50 778 
(kcals/day) 
MEP©TLC 129.3 36.5 78 172 
(cm H2O) 
MIP©RV 103.0 29.7 62 161 
(cm H2O) 
MIP®FRC 92.2 22.9 62 144 
(cm H2O) 
S. D. = standard deviation; MIP©RV is the maximum inspiratory pressure measured from 
residual volume (cmH2O); MIPQFRC is the maximum inspiratory pressure measured from 
functional residual capacity (cmH2O); MEP@TLC is the maximum expiratory pressure 
measured from total lung capacity (cml-120). 
Nothing in the data suggested that the influence of physical activity upon 
respiratory muscle strength differed between males and females. 
Consequently the data was pooled. A significant positive correlation was 
found between MSRP and the average daily physical activity (kcals. d- 
1)(Table 3-3.3c; Figures 3-3.3c(i), 3-3.3c(ii), 3-3.3c(iii)). There were no other 
significant correlations. Age was negatively correlated with MSRP but this 
correlation was not statistically significant for any index of respiratory 
muscle strength. Indices of body dimension correlated poorly with 
respiratory muscle strength; stature and mass were not significantly 
correlated with MSRP. No improvement in the correlation coefficient 
could be obtained by using other body-size variables such as body mass 
index (BMI = mass [kg] / stature [m2]), Broca index (BI = mass [kg] / stature 
[cm]) or body surface area (BSA = I{stature [cm] x mass [kg] / 3,6001)(Bruschi 
et al., 1992). 
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Table 3.3.3c: Pearson Product Moment Correlation Coefficients for 
Maximum Static Respiratory Pressures against Age, Indices of Body Size 
and Physical Activity (n=10) 
MEP©TLC MIP©RV MIP®FRC 
Physical Activity 0.674 0.877 0.819 
(kcal/day) 0.03 <0.01 <0.01 
Stature (cm) 0.411 0.093 0.015 
0.24 0.81 0.99 
Mass (kg) 0.518 0.375 0.412 
0.12 0.30 0.25 
Age (yrs) -0.554 -0.587 -0.528 
0.10 0.07 0.12 
BMI 0.530 0.326 0.331 
0.11 0.37 0.36 
The upper number represents the value of the Pearson product-moment correlation 
coefficient. The lower number is the significance value of the correlation. 
Fig 3-3.3c(i): Physical activity against MIP®RV in 
healthy, elderly men and women (n=10) 
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Fig 3-3.3c(ii): Physical activity against MIP©FRC 
in healthy, elderly men and women (n=10) 
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Fig 3-3.3c(iii): Physical activity against MEPOTLC 
in healhty, elderly humen and women (n=10) 
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3-3.4 Discussion 
In contrast to the previous experiment (Section 3-2), which obtained 
estimates of physical activty using the YPAS questionnaire (Dipietro et al., 
1993), there was a strong positive correlation between physical activity, 
recorded using a daily diary card, and respiratory muscle strength in the 
present study. Unfortunately, due to the small numbers of subjects, it was 
not possible to separate males from females in the analysis. However, it 
would seem reasonable to conclude that physical activity would influence 
respiratory muscle strength equally for males and females. 
The strength of the correlation between physical activity and MSRP was 
greater than for any other index and would suggest that its influence, in 
these subjects, must be very strong. Thus, the data from the present study 
suggests that physical activity is an important determinant of respiratory 
muscle strength. This finding is in agreement with Bruschi et al. (1992) 
who suggested that in elderly subjects, other inter-individual features, 
such as "physical activity" may account for the lack of a significant 
correlation between MSRP and age or body size. 
There are changes in both skeletal and respiratory muscle function in the 
elderly, which can be identified as primary ageing effects, but part of the 
deterioration may be attributed to the reduced activity level of the 
individual (Lexell, 1993). The physical activity of elderly people may vary 
for several reasons, such as specific dysfunctions (cardiac, joint, balance 
etc. ) and psychosocial factors (lack of possibility or motivation for physical 
activity, attitudes towards physical activity etc. ). Inactivity is known to 
lead to progressive atrophy and a subsequent decline in motor function 
(Lexell, 1993). However, it has been shown that the muscles of elderly 
subjects retain their capacity to respond to a training stimulus with respect 
to strength as well as endurance (Grimby, 1988). Several studies have 
demonstrated that muscle strength of elderly men and women can be 
improved dramatically with increased physical activity and muscle 
training (Frontera et al., 1988; Brown et al., 1990; Fiaterone et al., 1990). 
Various forms of non-specific exercise have been shown to improve 
respiratory muscle endurance. For example, daily running for 40 to 60 
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minutes, 3 times per week led to increases in the maximum sustainable 
ventilatory capacity (MSVC), maximum voluntary ventilation (MVV) and 
maximum inspiratory (Pimax) and expiratory (PEmax) pressures 
(Robinson and Kjeldgaard, 1982). Most elderly people do not take part in 
athletic activity and this type of high intensity training, is obviously 
unacceptable for use with elderly subjects. However, more modest forms 
of physical activity may enhance skeletal and respiratory muscle function 
in the elderly. 
In order to elicit a training response, the exercise must be of an adequate 
intensity and duration to cause an increase in minute ventilation which is 
sufficiently large to provide a training stimulus to the respiratory 
muscles. In elderly people, moderate forms of physical activity may 
improve the performance of the respiratory muscles. The metabolic 
demand of these activities will approach the maximal oxygen uptake in 
sedentary elderly subjects. The ventilation required to meet this metabolic 
demand may therefore be of sufficient intensity to induce a respiratory 
training effect. For example, domestic work (e. g., vacuum cleaning, 
making beds etc. ) utilises up to 40% of the maximal oxygen uptake of a 20 
year old woman compared with almost 80% for an 80 year old sedentary 
female (Grimby, 1988). Thus, moderate forms of physical activity may 
have a greater influence on the respiratory muscles of elderly people 
compared to younger ones. 
In the previous experiment (Section 3-2), physical activity as assessed 
using an interviewer administered questionnaire, correlated poorly with 
MSRP. Questionnaires of this type require little subject effort, are 
relatively quick to administer and do not influence physical activity. 
However, they may be impeded by poor memory and they are prone to 
exaggeration, particularly with estimates of the time spent on unspecific 
general physical activities are required (e. g., activities such as "walking", or 
"moving about the house"). In fact, records of past physical activity have 
been found to be poorly reproducible in the elderly and may reflect the 
subject's views/ideas/self-perception about their activity, rather than their 
actual activity levels (Cummin and Klineberg, 1994). 
Prospective activity diaries, such as the one used in the present study, 
require the subject to record daily activities, thus removing the problems 
87 
associated with the elderly of poor memory. Activity diaries have been 
used frequently in energy balance studies, and when compared with other 
estimates, have been found to be highly accurate indices of daily energy 
expenditure (Acheson et al., 1980). Activity diaries do, however, require 
considerable subject co-operation. They may also influence the amount of 
physical activity performed, or the amount of activity recorded, e. g., by 
making an individual aware of their daily physical activity may induce 
them to perform, or record more. 
The results from the present study suggest that physical activity is an 
important determinant of respiratory muscle strength in the elderly. Loss 
in muscle strength with advancing age is associated with changes in the 
muscle themselves and also a reduction in activity levels. It may be the 
case that as the muscles become weaker, so habitual levels of physical 
activity decline, leading to further reductions in muscle strength. 
Alternatively, reduced levels of physical activity with advancing age may 
precipitate a reduction in respiratory muscle performance. What ever the 
exact mechanism responsible, the net outcome is likely to be a downward 
spiral in both physical activity and respiratory muscle strength. However, 
it would appear that the reduction in both skeletal and respiratory muscle 
strength in the elderly can be reversed with training and increased levels 
of physical activity. 
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CHAPTER FOUR 
DEVELOPMENT AND TESTING OF AN INSPIRATORY MUSCLE 
TRAINING DEVICE AND ASSESSMENT OF THE INFLUENCE OF 
INSPIRATORY MUSCLE TRAINING UPON MSRP AND EXERTIONAL 
BREATHLESSNESS IN HEALTHY ELDERLY SUBJECTS 
4-1 Cenral Introduction 
It has long been established that both the speed and strength of skeletal 
muscle decreases with advancing age in both men and women (Larsson et 
al., 1979). However, it is possible to reverse these effects with specific 
muscle training. For example, it has been shown that age-related muscle 
fibre atrophy can be diminished by training due to an increase in fibre size 
(Larsson, 1982; Frontera et al., 1988). The nature of the response to training 
will depend up on the type of load to which the muscle is subjected. 
Strength improvements are brought about by a stimulus of high intensity 
and low frequency, such as the type of training done by a weight-lifter. 
Alternatively, increases in muscle endurance result from a stimulus of 
lower intensity but higher frequency. Running, cycling and swimming are 
good examples of exercise that require a high endurance capacity of both 
limb and respiratory muscles. 
Systematic progressive exercise carried on for a sufficiently long period of 
time augments a muscle's ability to do work. If the exercise is carried out 
against a gradually increasing resistance, the strength and neuromuscular 
activation of the muscle is improved; this is attributable to hypertrophy of 
previously existent fibres rather than hyperplasia. The amount of 
connective tissue increases and the sarcolemma thickens. There is an 
increase in the number of capillaries, and the content of muscle 
myoglobin. The net effect of all these changes is an increase in muscle 
endurance; that is, the muscle which previously fatigued rapidly while 
contracting against a light resistance, now shows improvement in the 
extent, speed, rhythm, and duration of effort while carrying heavier loads 
(DeLorme and Watkins, 1951, Atha, 1981). 
Many previous human studies have shown that the application of 
progressive resistance exercise increases strength with subsequent 
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muscular hypertrophy in younger subjects (DeLorme and Watkins, 1951; 
Hettinger, 1961; Penman, 1969). These changes can also be induced in 
older subjects. Moritani and deVries (1980), studied five young men and 
five older men during the course of 8 weeks progressive strength training 
and showed similar and significant percentage increases in strength. 
Larsson (1982) observed an increase in strength as a result of increased 
muscle fibre size following a strength training program in older subjects. 
More recently, Fontera et al. (1988) demonstrated strength gains in older 
men associated with significant muscle hypertrophy and an increase in 
myofibrillar protein turnover. This finding was confirmed for female 
subjects by Charette et al. (1991) who conducted a twelve week resistance 
training program in elderly women. 
As with other skeletal muscles, the strength of the respiratory muscles is 
known to decline with advancing age (Ringqvist, 1966; Black and Hyatt, 
1969). It is reasonable to suggest that application of established training 
principles to the respiratory muscles will bring about the similar 
improvements to those seen in other skeletal muscles. Previous workers 
have trained the respiratory muscles by using one of four techniques: 
(1) Maximum static inspiratory and expiratory efforts against an occluded 
airway (Leith and Bradley, 1976). 
(2) Voluntary isocapnic hyperpnea which requires the subject to maintain 
a high level of ventilation for (typically) 15 minutes, whilst the arterial 
carbon dioxide tension (PaCO2) is kept constant with a rebreathing circuit 
or more elaborate apparatus (Bradley and Leith, 1978; Belman and 
Mittman, 1980; Belman and Gaesser, 1988). A visual target mechanism 
can be used to ensure that a prespecified level of hyperventilation is 
achieved and maintained. 
(3) Inspiratory flow-resistive loading via an orifice through which the 
subject must inspire. By decreasing the diameter of the orifice, the 
magnitude of the inspiratory work can be increased (Andersen et al., 1979; 
Pardy et al., 1981; Sonne and Davis, 1982; Belman and Shadmehr, 1988). It 
is recognised however that this kind of training is highly dependent on 
breathing pattern. For example, by inspiring slowly through a small 
orifice, a subject needs to exert a lower inspiratory pressure (smaller 
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training stimulus) than would be required for rapid breathing through a 
larger orifice (greater training stimulus). Several portable, commercially 
available devices, that subjects can use in their own home exist e. g. 
Vitapep (MEDIC-Aid Ltd, Chichester, U. K. ) and Pflex (Healthscan Products 
Inc, NJ, U. S. A. ). 
(4) Inspiratory threshold loading requires a subject to generate a specific 
negative (inspiratory) pressure, in order to overcome a threshold load so 
that inspiration can be achieved. Inspiratory pressure remains constant 
and is therefore independent of flow (Clanton et al., 1985; Larson et al., 
1988; Weiner et al.,, 1992a; Weiner et al., 1992b; Suzuki et al., 1993). As with 
the inspiratory resistive loading devices, a small, portable pressure 
threshold device (Threshold Inspiratory Muscle Trainer, Healthscan 
Products Inc, NJ, U. S. A. ) is commercially available. 
It was Leith and Bradley in 1976 who first attempted to change the strength 
and endurance of the respiratory muscles in response to a specific training 
program. They studied the respiratory mechanics in young, healthy 
volunteers before and after a5 week training period. The protocol 
consisted of three groups of subjects: Strength trainers (Group 1) repeated 
static maximum inspiratory and expiratory efforts against an occluded 
airway: Endurance trainers (Group 2) performed voluntary normocapnic 
hyperpnea to exhaustion and control subjects (Group 3) who did not train. 
The two training groups performed their exercises for 30-45 minutes 5 days 
per week. Leith and Bradley (1976) concluded that respiratory muscle 
strength and endurance could be increased by specific ventilatory muscle 
training programs. 
Since Leith and Bradley's pioneering work, most attempts to train the 
respiratory muscles have focused on the training of the inspiratory 
muscles of patients with chronic obstructive pulmonary disease (COPD). 
Andersen et al. (1979) studied the effects of resistive breathing in 10 
patients with severe COPD. Patients trained for half an hour daily for 4- 
weeks, breathing into a simple device (Vitapep) where they inspired 
against a resistive load that produced diaphragmatic fatigue and failure. 
After 4-weeks this load was increased, if possible, and another 4-week 
training period started. At the end of training all patients could tolerate 
higher inspiratory resistances and nine of the ten subjects "felt that they 
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were able to do much more in their daily living without getting short of 
breath". 
Belman and Mittman (1980), trained ten COPD patients using the 
maximum ventilation that can be sustained for 15 minutes under 
normocapnic conditions (MSVC). Patients performed two 15 minute 
MSVC manoeuvres, with 15 minutes rest in between, daily for 6 weeks. 
This training was found to improve ventilatory muscle performance and 
led to a substantial increase in the sub-maximal exercise endurance for 
both arm and leg work. 
Pardy et at. (1981) compared the effectiveness of inspiratory muscle 
training (IMT) against physiotherapy (PT) in improving the exercise 
performance of patients with chronic airflow limitation (CAL). The IMT 
patients trained for two months by inspiring continuously against a 
resistance for 15 minutes twice per day. They were trained on a resistance 
that produced fatigue of at least two of their inspiratory muscles 
(diaphragm, scalene or intercostals). IMT produced both an increase in the 
time a fixed work rate could be endured and the distance patients were 
able to walk in 12 minutes. Once again IMT patients reported 
symptomatic improvement in the terms of ease with which they could 
perform household activities. 
Sonne and Davis (1982) studied the exercise performance of six patients 
with severe COPD before and after a six week training program using an 
inspiratory resistive device (Pflex). Each subject trained with the device 
for 30 minutes daily with weekly observations and adjustments in 
resistance. Maximum oxygen uptake (VO2max) was found to increase by 
15%, the maximum work rate by 37% and the minute ventilation attained 
during exercise increased 17% after training. All patients reported an 
increased ability to perform the activities of daily living. Sonne, Davis and 
Wasserman (1981) had previously shown that a similar training protocol 
in COPD patients increased inspiratory muscle strength (43%) and 
endurance (92%). 
Clanton et al. (1985) studied threshold loading for the first time. Their 
newly developed threshold resistive device exerted an inspiratory 
pressure load by the amount of weight applied to a valve, which was 
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relatively independent of inspiratory flow rate. This was felt important 
because resistive breathing devices used in other studies, produced 
inspiratory pressure loads which varied according to the size of the orifice 
and the rate of inspiratory airflow. This meant that two people training 
with the same size orifice would be training with different inspiratory 
pressure loads if they used different inspiratory airflow rates. Clanton et 
at. (1985) used their newly developed technique on eight healthy, female 
volunteers; four trained for 25 minutes per week for ten weeks, whilst 
another four acted as controls. The threshold load of the test subjects was 
gradually increased from an initial value of 10% of their maximum 
inspiratory pressure (Pimax), if there was no evidence of respiratory 
muscle fatigue during training on a given day. Clanton et al. (1985) 
reported significant gains in both strength and endurance of the 
respiratory muscles. 
Larson et al. (1988) using the concept of Clanton et al (1985) of applying 
varying loads to an inspiratory valve, developed a portable pressure 
threshold training device that, it was claimed, produced reliable 
inspiratory pressure loads that were independent of flow. In their study, 
Larson et al (1988) measured the peak inspiratory pressures Pimax of 22 
COPD patients; 10 patients trained with the pressure threshold device at 
15% of their Pimax and 12 patients trained with the device at 30% of their 
Pimax. After training for 30 minutes a day for 8 weeks this latter group 
showed significant improvements in their Pimax, endurance time while 
breathing against an inspiratory load equal to 66% of their Pimax, and 
maximum distance walked in 12 minutes. 
Belman and Shadmehr (1988) used a single orifice inspiratory resistance 
device together with a target feedback device in 17 COPD patients. Patients 
trained daily for two 15 minute sessions for 6 weeks at either a low 
intensity (LI) or high intensity (HI). The target feedback device was 
designed to ensure that all patients maintained the same breathing 
pattern. These investigators concluded that both the LI and the HI group 
showed increases in ventilatory muscle strength and endurance but that 
the HI group showed the most significant gains. 
In 1988, inspiratory muscle training was first used on a group of healthy, 
elderly volunteers. Belman and Gaesser (1988) showed that ventilatory 
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muscle training (VMT) improved the maximum sustained ventilatory 
capacity (MSVC) and maximum voluntary ventilation (MVV) in normal, 
elderly subjects. VMT was performed for a period of eight weeks by means 
of isocapnic hyperpnea for 30 minutes per day, 4 days per week. This 
training however failed to improve maximum exercise capacity and 
ratings of perceived exertion (RPE) during incremental and steady-state 
exercise. 
More recently, inspiratory muscle training has been used in patients with 
bronchial asthma. Weiner et al, (1992a) recruited two groups; 15 patients 
received specific inspiratory muscle training using a pressure threshold 
device (Threshold Inspiratory Muscle Trainer, Healthscan Products Inc, 
Cedar Grove, NJ, U. S. A. ), whilst a further 15 patients used a sham training 
device and therefore acted as control subjects, in a double-blind trial. 
Subjects of both groups trained for half an hour, five times a week for six 
months. Significant increases in muscle strength and endurance were 
observed in the training group but not in the control group. Asthmatic 
symptoms and requirement for medication was also reduced. The same 
authors (Weiner et al, 1992b) combined six months inspiratory muscle 
training (IMT) with general exercise reconditioning (GEC) in 12 patients 
with COPD and compared their results to 12 patients who had GEC alone 
and a further 12 patients who received no training. The group who 
combined IMT and GEC showed improvements in their inspiratory 
muscle strength and endurance. Exercise tolerance also increased and this 
improvement was significantly greater than that of the group that 
received GEC alone. 
Finally, Suzuki et al. (1993) have looked at the influence of inspiratory 
muscle training upon respiratory sensations during treadmill exercise. 
Twelve healthy women trained their respiratory muscles for 15 minutes, 
twice a day, for 4 weeks, using a pressure threshold device (Threshold 
Inspiratory Muscle Trainer, Healthscan Products Inc, Cedar Grove, NJ, 
US. A. ). Despite significant increases in inspiratory muscle strength, no 
effect on the perception of "breathing effort" during treadmill exercise was 
observed. 
There are conflicting opinions in the literature regarding which method of 
training the inspiratory muscles is most effective to achieve the desired 
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outcome. For example, it has been suggested that if an improvement in 
exercise capacity is the desired outcome from respiratory training, it is 
more logical to use voluntary isocapnic hyperpnea, than resistive loading, 
as this more closely mimics the ventilatory demands of exercise (Pardy et 
al., 1990). However, several investigators have observed improvements 
in exercise capacity following resistive respiratory muscle training (Sonne 
and Davis, 1982; Falk et al, 1985; Larson et al, 1988). Furthermore, no-one 
has yet developed a standard protocol for inspiratory muscle training, so 
the ideal duration, frequency and course of training also remains 
undefined. Other than the one experiment of Belman and Gaesser (1988) 
inspiratory muscle training has not been tested in healthy, elderly subjects 
and its influence on the perception of breathlessness (as opposed to 
"respiratory effort") has never been established. 
The purpose of this group of experiments was therefore: 
(1) To test the flow, pressure and resistive characteristics of existing, 
commercially available devices. 
(2) Attempt to develop a device that may improve upon the design of 
these existing devices. 
(3) Test the newly developed device, against an established technique of 
inspiratory muscle training to see if it would be as efficacious as the 
accepted method when used by a group of healthy, elderly subjects. 
(4) Determine the effect of inspiratory muscle training on breathlessness 
during exertion in a group of healthy, elderly volunteers. 
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4.2 Evaluation of the Vitapep and Threshold Inspiratory Muscle Training 
Devices (IMTD) 
42.1 Introduction 
The Vitapep (Medic-Aid Ltd, Chichester, U. K. ) and Threshold Inspiratory 
Muscle Training Device (IMTD)(Healthscan Products Inc, Cedar Grove, NJ, 
U. S. A. ) are two commercially available devices for training the 
respiratory muscles. Both devices have been shown to be effective at 
training the inspiratory muscles of both healthy subjects, and patients with 
chronic obstructive pulmonary disease (Andersen et al., 1979; Larson et al, 
1988; Weiner et al, 1992a; Weiner et al, 1992b; Suzuki et al, 1993). 
The Vitapep IMTD is shown in Figure 4-2.1a. It incorporates 9 resistive 
orifices, a one-way valve and a mouth piece. The valve ensures that 
inspiratory airflow must pass through the orifice whilst expiration is 
unhindered. The diameter of the orifice determines the force required to 
inspire; the smaller the orifice the greater the respiratory effort needed in 
order to inhale. Resistive breathing devices such as the Vitapep, whilst 
being effective at increasing the inspiratory muscle strength and 
endurance, have been criticised because of their non-linear resistive 
characteristics. It is claimed that the inspiratory pressure load varies 
according to the size of the inspiratory orifice and the rate of inspiratory 
airflow. Two people training with the same size inspiratory orifice would 
be training with different inspiratory pressure loads if they used different 
inspiratory airflow rates (Larson et al, 1988). One way to overcome this 
problem was to provide the subject with a "target ventilation" so that all 
subjects trained at the same relative work load (Belman and Shadmehr, 
1988). However, the apparatus necessary to achieve this is complex and 
increases the financial cost of such training considerably. 
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Fig 4-2.1a: Photograph showing the Vitapep inspiratory muscle training 
device (Medic-Aid Ltd, Chichester, U. K. ). 
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Another method of ensuring flow-independent respiratory loads was 
developed by Clanton et at, 1985. Their device exerted an inspiratory 
pressure load that was determined by the weight applied to a valve. A 
linear relationship existed between this weight and the negative 
respiratory pressure required to open the valve. The negative pressure 
generated by inspiring against the valve was shown to be "nearly 
independent of flow". 
The Threshold IMTD, shown in Figure 4-2.1b, uses this principle of 
operation. Originally developed by Larson et al. (1988), the device 
incorporates a spring-loaded poppet valve (instead of a weighted valve as 
used by Clanton et al. 1985) that can be adjusted to produce inspiratory 
pressure loads ranging from -5 cm H2O to -35 cm H2O. Subjects must 
generate a predetermined negative pressure with each inspiration to open 
the poppet valve and allow airflow. This new device is portable and, like 
the Vitapep, is commercially available (Threshold Inspiratory Muscle 
Trainer, Healthscan Products Inc, Cedar Grove, NJ, U. S. A. ). 
This investigation aimed to establish the pressure and resistance 
characteristics of the two devices using an experimental set-up that 
allowed application of constant airflows. From this, it would be possible to 
quantify the suspected flow dependent nature of the Vitapep's pressure 
load and examine the Threshold device for evidence of a flow 
independent pressure load. 
Also, the effect produced at tidal breathing and voluntary 
hyperventilation by a subject were quantified and compared for both 
devices. 
98 
Fig 4-2.1b: Photograph showing the 
Threshold inspiratory muscle training 
device (Healthscan Products Inc, Cedar 
Grove, NJ, U. S. A. ). 
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4-2.2 Methods 
4-2.2.1 Constant Flow "Bench" Tests 
In order to study the pressure and resistance characteristics of the two 
training devices at constant airflows, an air pump was used which was 
linked to a Zenith Variac variable capacitor, allowing variations in the 
pump speed. The device under investigation was connected via a short 
piece of hosing to a pneumotachograph. A hole was pierced in this 
hosing, through which a needle was inserted. This needle was connected 
via small bore plastic tubing to a Mercury M14 Electronic Manometer, to 
determine the negative pressure of the air passing through the device 
(mean inspiratory pressure; MnIP in cmH2O). 
A Gould Godart Pneumotachograph was used to record airflow. This 
device comprises of a hydraulic resistance head and a differential pressure 
transducer. The head consists of a tube containing a fine mesh screen. 
This offers a very slight resistance to airflow and produces a small but 
quantifiable pressure difference across the screen (measured by the 
pressure transducer) which is proportional to flow, provided resistance 
remains constant. 
A program was written using Labview (National Instruments, TX, U. S. A. ) 
on an Apple Macintosh IIcx computer which processed the flow and 
pressure signals simultaneously and gave a print-out of the results of the 
analysis. The calculations were as follows: 
ohms Law states that pressure is a product of the resistance and the flow 
within any system. Using this, it was possible to determine the mean 
resistance to inspiration for each breath as follows: 
V=IxR 
Where; V= Pressure, I= gas flow rate, and R= resistance. 
Rearranging, 
R=V/I 
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Substituting with measured variables; 
Resistance (cmH2O. 1-i. s"1) = Pressure (cmH2O) / Airflow (I. s-1) 
Mean values for these parameters (flow, pressure and resistance) for the 
period of sampling (usually one minute) were subsequently obtained and 
printed. 
The experimental set-up is displayed diagrammatically in Figure 4-2.2.1. 
The device under investigation was attached to the set-up and airflow 
rates of 10,20,30,40 and 501. min-1 were drawn through the device. These 
flow rates were chosen because it was thought important to examine the 
pressure and resistance characteristics of the device over a "working" 
range. Since the device is used whilst the subject is at rest, flow rates in 
excess of 501. min71 were thought highly unlikely (and undesirable). Air 
flow, pressure and resistance were recorded for approximately 30 seconds 
at each flow rate. The computer calculated average values for these 
parameters over the sampling time. 
4_2,2.2 Breathing Tests 
For the breathing tests, the experimental set-up was the same as before; a 
Gould Godart Pneumotachograph recorded airflow and the pressure was 
determined using an electronic manometer (Mercury M14), however the 
air pump was replaced by a normal, healthy volunteer. The subject was 
asked to breathe tidally and to hyperventilate through each IMTD at three 
different settings, during which the pressure and flow generated was 
measured. A second program was written, again using Labview (National 
Instruments, Austin, TX, U. S. A. ) which processed the flow signal from 
the pneumotachograph in the manner described in detail elsewhere 
(Section 2-2) to determine mean inspiratory flow (MnIF; l. min-1) for each 
breath. Mean pressure generated to achieve inspiration was also recorded 
(MnIP; an H20). 
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As prevIowlV shown, the principle of Ohnis %vas used to calculate 
resistance, such that: 
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The program produced a print-mit of resistance, M11111' and M1nII tour each 
breath, and averaged these values for the sampling time (at least one 
minute ý. 
Gould Godart 
Pncumotacho raph 
Ntukic j 
Ic 
1 
1 
`1 
Ho., ing 
-am- 
0 
\ ariabic 
Capacitor 
Fig 4-2.2.1: .A 
diagrammatic representation of the experimental apparatus 
used in the constant flow -bench tests" 
IU' 
FIPCtrr \1,, ný, mi'trr 
)01 
am- 
lk, 
4-2.3 Results 
4-2.3.1 Constant Flow "Bench" Tests 
It was often difficult to obtain the constant gas flow rates required. The 
Threshold device, because of its spring loaded design, periodically showed 
"jumps" in airflow through the poppet valve. This was because the valve 
itself opened in a "step-like" fashion, allowing sudden increases in 
airflow. The flows reported are as close to the desired values as was 
possible. Table 4-2.3.1a shows the results of setting against flow, pressure 
and resistance for the Vitapep device, whilst Table 4-2.3.1b contains the 
results for the Threshold device. These results are displayed graphically in 
Figure 4-2.3.1a(i) and Figure 4-2.3.1a(ii) for the Vitapep IMTD and Figure 4- 
2.3.1b(i) and Figure 4-2.3.1b(ii) for the Threshold IMTD. 
The term "setting" for the Threshold IMTD refers to one complete turn of 
the device thread. There is a crude pressure scale on the Threshold device 
which is intended to indicate the pressure load at a particular setting of the 
poppet valve. These approximate values are reported in the tables along 
with the "setting" and true pressure load recorded (see Table 4-2.3.1b). 
4-2.3.2 Breathing Tests 
The results of the breathing tests are shown in Table 4-2.3.2a. The subject 
was not able to hyperventilate on setting H with the Vitapep IMTD. These 
results are similar to the results of the bench test, i. e., the pressure load of 
the Threshold IMTD is much less dependent on air flow rates than the 
Vitapep IMTD. However, it cannot be said that the pressure load of the 
Threshold device is independent of flow. 
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Table 4.23.1: Setting against flow, pressure and resistance 
for the Vitapcp IMTD 
Setting Flow Pressure Resistance 
(I. min'1) (cm 1120) (cm 112O. l-l. uce'1) 
A 10.11 -1.21 5.64 
19.76 -2.36 7.15 
29.20 -4.69 9.63 
41.33 -9.65 14.01 
B 10.78 -1.72 9.53 
19.26 -2.73 8.52 
29.92 -5.41 10.85 
40.80 -10.23 15.05 
C 10.37 -1.70 9.84 
19.80 -4.24 12.84 
31.29 -12.23 23.45 
41.62 -24.24 34.97 
D 9.69 -2.19 13.56 
20.40 -7.15 21.03 
31.96 -17.91 33.64 
41.39 -30.63 44.44 
E 11.34 -5.33 28.22 
20.91 -18.38 52.76 
30.18 -40.33 80.21 
39-25 -68.91 105.41 
F 9.47 -6.76 42.79 
2055 -28.48 83.17 
30.77 -60.33 117.77 
39.36 -100.02 152.55 
G 9.74 -16.02 98.69 
20.06 -56.02 167.69 
30.14 -120.51 240.03 
39.32 -201.88 308.30 
H 11.02 -37.83 206.06 
20.15 -124.98 372.28 
27.93 -230.16 494.50 
1 9.67 -135.68 842.74 
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Fig 4-2.3.1a(i): Airflow (1/min) against pressure load 
(-cm H2O) for the Vitapep IMTD 
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Fig 4-2.3. la(ii): Airflow (Ilmin) against resistance 
(cm HZO/Usec) for the Vitavev IMTD 
500 
u N 400 
0 
300 
V 
200 
eC 
r. + 
1 00 41 
0ý 
0 10 20 30 
Airflow (1/min) 
40 50 
setting A 
"-*- setting B 
-0- setting C 
'ý- setting D 
setting E 
'-*- setting F 
setting G 
""4 setting H 
105 
Table 4-2.3.1b: Setting (with approximate scale reading) against flow, 
pressure and resistance for the Threshold IMMTD 
Setting Scale Flow Pressure Resistance 
reading (I. min'l) (Cm 1120) (cm I120.1'1 vt'I) 
(approx) 
1 7 19.53 -14.39 44.23 
28.98 -16.19 33.52 
40.66 -15.74 23.23 
49.26 -15.62 19.03 
58.45 -15.68 16.10 
2 13 22.62 -17.38 46.11 
30.65 -1855 36.33 
40.49 -23.24 34.44 
46.15 -22.27 28.95 
54.94 -20.10 21.95 
3 17 11.51 -22.97 119.77 
28.36 -23.44 49.59 
32.82 -23.65 43.24 
39.70 -25.39 38.37 
34.34 -27.36 37.03 
4 22 11.40 -24.41 12854 
19.33 -29.30 90.96 
34.66 -29.30 50.72 
40.44 -30.27 44.92 
42.71 -32.23 45.28 
5 27 13.68 -34.49 151.33 
23.45 -35.14 89.92 
31.29 -35.18 67.46 
33.57 -37.11 66.33 
54.01 -36.13 40.14 
6 31 10.97 -38.09 208.32 
17.95 -40.04 133.95 
29.27 -40.04 82.08 
35.88 -41.99 70.21 
39.66 -43.95 66.48 
7 35 9.33 -42.34 272.48 
11.22 -4527 242.18 
2133 -46.25 130.12 
30.60 -47.23 92.64 
52.32 -47.23 54.16 
8 40 9.86 -38.42 233.89 
12.78 -4527 212.62 
16.77 -49.18 1: 5.97 
3253 -50.12 92.32 
39.09 -54.06 82.99 
9 Off scale 10.96 -41.56 22757 
2058 -53.69 15655 
40.58 -61.87 9150 
48.10 -65.78 82.06 
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Fig 4-2.3.1b(i): Airflow (1/min) against pressure load 
(-cmH2O) for the Threshold IMTD 
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Fig 4-2.3.1b(ii): Airflow (1/min) against resistance 
(cm H2O/l/sec) for the Threshold IMTD 
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Table 4-2.3.2a 
Ventilation and pressure relationship for three different settings on the 
both the Vitapep IMTD and the Threshold IMTD 
Vitapep IMTD Threshold IMTD 
Setting Ventilation Pressure Setting Ventilation Pressure 
(l. min-1) (cm H2O) (l. min-1) (cm H2O) 
A 9.79 -1.70 1 9.49 -16.59 
41.08 -16.95 28.83 -18.90 
E 8.38 -5.35 5 8.55 -41.78 
30.59 -69.73 20.99 -43.63 
H 9.04 -56.38 8 8.48 -54.37 
- - 26.68 -59.93 
4-2.4 Discussion 
The results of this investigation confirm that the Vitapep training device 
has highly flow-dependent pressure and resistance characteristics such that 
alterations in a subject's breathing pattern, would result in alterations in 
the pressure load and resistance to breathing. 
The inspiratory pressure load provided by the Vitapep IMTD has non- 
linear characteristics, such that increasing the setting does not increase the 
load proportionally for the same airflow. This is of particular concern 
when contemplating training the inspiratory muscles in the elderly or 
patients with respiratory disorders. The initial settings 'A', 'B', 'C' and 'D' 
would provide little training benefit since intensity would be low. There 
is only a small difference in the pressure load provided by these four 
orifices. However, the higher settings would suddenly and dramatically 
increase the pressure load and so be very difficult to breathe through and 
may well induce dyspnoea. Patients could cease training because of this 
effect. 
The design of the Vitapep IMTD explains these non-linear changes in 
resistance and pressure load. The device relies on a small inspiratory 
orifice to provide a resistance to inspiration. These orifices have 
decreasing diameter, to increase the training stimulus. However, the 
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diameter of these orifices seems to have been determined more by the 
manufacturing process of the device, than by consideration of the 
mechanics of air flow (A = 5; B=4.5; C=3.5; D=3; E=2.5; F=2; G=1.75; 11 
= 1.5; I=1; all measurements are approximate and in mm). The 
relationship between resistance and the hole diameter is complex and 
non-linear. If one assumes laminar airflow then the equation for 
calculating resistance is: 
R=8nl / irrt 
where R=resistance; n=the viscosity of air; l=length (e. g., of the airway) and 
r=radius of the opening. From this, it can be seen that as the hole 
diameter reduces (higher settings), the resistance becomes highly 
dependent on very small changes in r (orifice radius). Therefore, the 0.5 
mm change in orifice diameter from setting A to B has a much less 
profound effect on the resistance profile of the device (and hence pressure 
load), than the 0.5 mm change in orifice diameter from setting E to F. 
The Threshold IMTD showed much better inspiratory pressure load 
stability with alterations in airflow. The spring loaded poppet valve 
mechanism is much more suitable for applying inspiratory pressure loads 
than the resistive orifices. However, the pressure load was not totally 
independent of flow, particularly at the higher settings. In their original 
paper, Larson et al. (1988), measured the pressure load of the device over a 
range of flows from 0 to 31. s-1 (1801. min-1). It is extremely unlikely that a 
subject breathing through the device at rest, as it was intended to be used, 
would ever achieve such high flow rates. The present study therefore set 
out to examine the pressure load characteristics over a "working" range of 
l0 to 501. min-1. Larson et al. (1988) suggested that the inspiratory pressure 
load increased by a maximum of 1 to 2 cm H2O at "higher flows". This 
was found to be the case but these higher flows were in excess of 601. min" 
1, and therefore not relevant in practice. Also, Larson and colleagues 
(1988) tested the pressure load characteristics of their device at a setting 
which gave "an opening pressure of approximately 16 cm H2O". From our 
data this would appear to be the first setting. In the present study we have 
examined all settings and can 
demonstrate that the pressure does alter 
with varying airflow, at all settings. 
The mean pressure load change for 
the Threshold IMTD was 8.12 ±7.25 cm H2O. This includes a maximum 
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pressure load change of 24.22 cm H2O at setting 9. This setting was off the 
scale on the device and may therefore not have been intended for use. 
Setting 8 also showed a large increase in pressure load with increasing 
airflow (15.64 cm H20). Removing the values for settings 8 and 9 gives a 
mean pressure load change for the Threshold INITD of 4.75 ± 2.36 cm H2O. 
The breathing tests were performed in order to see if the findings of the 
constant flow tests were reproduced when the device was used by a subject. 
The results, shown in Table 4-2.3.2a, confirm the constant flow 
experimental data. Inspiratory pressure loads of both devices alters with 
changes in ventilation. The Threshold IMTD did not provide a constant 
pressure load; there was up to a 10% (-5.56 cm H2O) change (setting 8) with 
increased airflow. The subject (Caucasian male, aged 25 years) could detect 
the valve opening in "steps" as the constant flow tests had shown, making 
it difficult to maintain set flow rates. Even so, the Threshold device 
proved much more satisfactory than the Vitapep IMTD. As with the 
constant flow tests, the breathing tests showed that for the Vitapep, the 
inspiratory pressure load greatly increased with increased respiratory 
airflow. There was little difference in the pressure loads between setting A 
and E, confirming the observation that training intensity would be low 
with these lower settings, but at setting Ha large increase in pressure load 
was found. This pressure load increase was so great that the subject was 
unable to breathe any harder than 9.04 1-min-1 and was unable to use the 
last setting (I). Even at the lower settings, hyperventilation resulted in a 
large increase in inspiratory pressure loads. 
To conclude, therefore, the Threshold IMTD provides inspiratory pressure 
loads that are reasonably independent of flow. Consequently it can be used 
for groups of patients or subjects who will all receive a similar training 
load from the device for a given setting, irrespective of their breathing 
strategy. The Vitapep IMTD will not provide equivalent pressure loads in 
different subjects unless their ventilation is standardised. One way to 
achieve this has been to use a target feedback mechanism, so that subjects 
must maintain a level of ventilation that is equivalent to a proportion of 
their maximum voluntary ventilation (Belman and Shadmehr, 1988). 
This would only be possible for subjects attending a laboratory as no such 
equipment is available for home usage. 
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4-3 Development and Testing of an Inspiratory Muscle Training Device 
(MTD) 
4.3.1 Introduction 
The previous experiment had demonstrated that the Threshold IMTD 
provided inspiratory pressure loads that were much more independent of 
inspiratory airflow than the Vitapep IMTD. Thus, the pressure threshold 
principle would seem to provide a more suitable approach for training the 
respiratory muscles. However, the constant flow and breathing tests had 
shown that the Threshold IMTD was not ideal. There were small changes 
in pressure with increasing flow and the poppet valve opened, allowing 
inspiratory airflow, in an inconsistent manner which was 'off putting' to 
the subject. The Threshold IMTD also had a scale on it which was 
intended to allow pre-determined pressure loads to be achieved. 
Experience had shown that using this scale gave different inspiratory 
pressure loads each time it was set. Thus, the same setting on two 
different devices was likely to produce different pressure loads. 
The Threshold IMTD clearly represented an improvement in design over 
the Vitapep IMTD. However, it was felt that the basic design of the 
Threshold device could be improved upon still further and so an 
alternative device was developed and tested in the following experiment. 
4.3.1.1 The Design of the Loughborough IMTD 
The Loughborough IMTD works on the principle first described by 
Nickerson and Keens (1982), followed by Clanton et al. (1985) and finally 
modified by Larson et al. (1988). The device is constructed with a spring 
loaded poppet valve that can be adjusted to produce inspiratory pressure 
loads ranging from approximately -10 to -60 cmH2O. The adjustment is 
made by turning the threaded outer sleeve of the device. One complete 
turn of the thread, one way or the other, results in a ±5 cmH2O alteration 
in the inspiratory pressure by compressing or releasing the spring 
accordingly. Each complete rotation of the outer sleeve from the bottom 
of the thread to the top, represents a single "setting", giving a total of 9 
settings. 
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train with this device, subjects must gcn&'r, ito a prt li ti 
pressure with each inspiration to open the poppet valve and allo%%- 
airtlow- In addition to the poppet valve, a one wav value and I 
mouthpiece are incorporated. The one way valve ensures that lnspirattrnv 
airflow must enter the device via the poppet valve whilst aHowirig 
expiration to take place unhindered. The Loughborough IMTI) Is 'T" 
shaped instead of the more traditionally used straight tube design of both 
the Vitapep and the Threshold IMTI). This makes the device more 
comfortable to hold and, with the aid of gravity, helps seat the valve more 
accurately over the inspiratory airflow inlet. The Loughborough INIJI) is 
shown diagrammatically in Figures 4-3.1.1a and 4-3.1. Ib and ,i potograph of 
the device is shown in Figure 4-3.1.1c. A full description of the device and 
its operation are detailed in Appendix 4-3.1.1. 
Fig 4-3.1.1a: Diagrammatic representation of the Loughborough INITf 
showing the "T" shaped design, with spring loaded poppet valve, 
mouthpiece lind one wav valve. 
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Fig 4-3.1.1b: Technical drawing of the inspiratory muscle training device 
developed in the present study (the Loughborough inspiratory muscle 
training device) 
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Fig 4-3.1.1c: Photograph of the inspiratory muscle training device 
developed in the present study (the Loughborough inspiratory muscle 
training device) 
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The aim of this study was to assess the pressure and resistance 
characteristics of the Loughborough IMTD. The objective was to establish 
whether the modifications incorpaoratcd within the design of the 
Loughborough IMTD had rectified the deficiencies identified in the 
Threshold IMTD. 
4-3.2 Methods 
The present study utilised an identical design and approach as that 
described in the previousl section (Section 4.2); the only difference was the 
IMTD under examination. 
4.3.3 Results 
4.3.3.1 Constant Flow Tests 
The device developed in the present study ('Loughborough IMTD') was 
designed with nine settings since this is the number of settings on both the 
Vitapep IMTD and Threshold IMTD. One complete turn of the outer 
sleeve constituted the next setting. Table 4-3.3.1a shows the results of the 
constant flow tests. Pressure, resistance and airflow are reported. These 
results are also displayed graphically in Figure 4-3.3.1a(i) and Figure 4- 
3.3.1a(ii). The Loughborough IMTD did not exhibit any of the "step-like" 
increases in flow observed previously with the Threshold IMTD. 
The Loughborough IMTD showeed small but consistent increases in 
pressure with increases in flow over the range of 10 to 501. min-i at each 
setting. The maximum pressure load increase was 5.86 cm H2O at setting 
4. The mean pressure load increment was 4.32 ±0.83 cm H2O (mean±SD); 
i. e., the mean change in pressure resulting from an increase in flow from 
10 l. min-1 to 501. min-1 (approximately). This compares very favourably 
with the results obtained in the previous experiment for the Threshold 
LMTD. The mean pressure load change for the Theshold device was 4.75 t 
2.36 cm H2O (this value was obtained after the removal of the results for 
settings 8 and 9 which severely restricts the range of settings available for 
use). Therefore, although the mean pressure load change for the 
Threshold IMTD was similar to the Loughborough IMTD, it does not span 
such a large pressure range (-16 to -45 cmH2O versus -10 to -60 cmH2O). 
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Table 4.3.3.1a: Setting against flow, pressure and resistance 
for the Loughborough IMTD 
Setting Flow Pressure Resistance 
(Lmin'11 (cm H2O) (cm H? O. 1`l. tce 
1 10.18 -9.73 57.35 
20.65 -10.74 ? 1.21 
28.33 -11.68 24.74 
41.66 -12.66 18.23 
53.05 -12.83 1451 
2 9.67 -12.75 19.15 
22.90 -13.77 36.07 
30.69 -15.68 30.66 
41.55 -17.00 25.13 
49.73 -17.36 20.95 
3 10.79 -18.65 103.72 
20.17 -20.62 61.37 
31.70 -21.99 41.63 
4155 -22.62 32.66 
49.95 -23.65 28.41 
4 9.66 -23.44 145.66 
21.68 2637 7296 
30.43 -27.34 53.93 
40.79 -28.32 41.66 
51.41 -29.30 34.19 
5 10.79 -30.49 169.64 
22.09 -32.44 88.11 
31.51 -33.42 63.64 
40.10 -34.39 51.47 
5352 -35.37 39.66 
6 12.38 -38.28 18552 
2259 -39.28 104.35 
30-76 -39.92 77.88 
40.44 -40.70 60.39 
54.83 -42.15 46.12 
7 1258 -43.16 205.96 
21.32 -44.14 124.24 
31.43 -45.12 86.12 
44.46 -46.09 62.21 
52.23 -47.07 54.07 
8 12.31 -50.14 244.42 
21.13 -51.35 145.80 
30.66 -52.09 101.95 
39.42 -52.93 8057 
52.73 -53.91 61.34 
9 11.16 -58.75 315.85 
19.06 -59.73 188.05 
2831 -60.70 128.67 
39.99 -61.72 92.60 
49.19 -62.66 76.42 
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Fig 4-3.3. la(i): Airflow (1/min) against resistance 
(cm H20/1/sec) for the Loughborough IMTD 
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Fig 4-3.3.1a(ii): Airflow (1/min) against pressure 
load (-cm H2O) for the Loughborough IMTD 
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Setting refers to one complete rotation of the outer sleeve of the device. 
Setting 1 therefore represents the pressure threshold load with the outer 
sleeve of the device at the bottom of the thread (Section 4-3.1.1. ). The 
device was designed such that each setting should correspond to a ±5 
cmH2O change in the pressure threshold load. 
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In the previous experiment, the Threshold IMMTD was shown to exhibit 
very erratic changes in both flow and pressure particularly at the lower 
end of the flow range. Often the relationship was very close to being 
linear once the valve had opened fully but this did not occur until flow 
rates exceeded 60 l. min-t. It would be unlikely for a subject, instructed to 
breathe tidally, to achieve these flow rates. 
An ideal training device would, for each setting, have a linear pressure- 
flow relationship of the form y= mx + c. Gradient (m) would equal to 0, 
since any increase in flow would not result in an increase in pressure. The 
constant (c) would be equivalent to the opening pressure of the valve. A 
comparison of the gradients of the linear regression equations derived 
from the line of best fit through the points for each setting for both devices 
was made. According to the criteria above, the device with the mean slope 
nearest to zero would be the device which most closely resembles the ideal 
model for all settings over a range of flows. 
Table 4-3.3.1b and 4-3.3.1c show the results of the linear regression analysis 
for all settings on both the Threshold and the Loughborough IMTDs. The 
Loughborough IMTD has an average gradient for all nine settings (0.105 
±0.019), which is almost half of the value for the Threshold IMTD (0.194 
±0.187), with a much smaller standard deviation. When settings 8 and 9 
on the Threshold device are removed from the analysis (as above), the 
mean gradient becomes 0.107 (±0.060), which is similar to the value for the 
Loughborough IMTD. Also, the constant (c), which ideally represents the 
opening pressure of the valve, increases for each setting on the 
Loughborough IMTD. This is only true for the Threshold IhMTD when 
settings 8 and 9 are removed. The value for c at setting 8, falls below the 
value for setting 7, suggesting that despite increasing the setting, the 
poppet valve opened at a lower pressure at setting 8 compared to setting 7. 
Also, the Loughborough IMTD has a greater range of operation compared 
to the Threshold IMTD (-9.2 to -57.7 cmH2O compared to -14.7 to -37.6 
X20). 
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Table 4.3.3.1b: Gradients and constants obtained by least squares linear 
regression through data points for airflow against pressure load for each 
setting on the Loughborough IMMTD 
Setting Gradient (m) Constant (c) r2 
1 0.075 9.22 0.94 
2 0.125 11.44 0.96 
3 0.120 17.79 0.96 
4 0.134 22.82 0.94 
5 0.113 29.66 0.97 
6 0.089 37.18 0.99 
7 0.095 42.04 0.99 
8 0.091 49.23 0.99 
9 0.101 57.73 0.99 
Mean 
(sd) 
0.105 
(0.019) 
0.97 
(0.02) 
Table 4-3.3.1c: Gradients and constants obtained by least squares linear 
regression through data points for airflow against pressure load for each 
setting on the Threshold IMTD 
Setting Gradient (m) Constant (c) r2 
1 0.025 14.72 0.22 
2 0.120 15.61 0.39 
3 0.119 20.82 0.70 
4 0.184 23.65 0.76 
5 0.043 34.26 0.40 
6 0.170 36.28 0.85 
7 0.087 43.49 0.57 
8 0.395 38.64 0.74 
9 0.602 37.64 0.94 
Mean 
(sd) 
0.194 
(0.187) 
- 0.62 
(0.24) 
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4.3.3.2 Breathing Tests 
The results of the breathing tests are tabulated in Table 4-3.3.2a. These 
results can be compared to those obtained in the previous experiment for 
the Threshold IMTD. Both devices showed reasonably good pressure load 
stability with alterations in ventilation. Unlike the constant flow tests, the 
pressure load decreased with increased ventilation at setting 8 by a small 
amount (1.56 cm H20). 
Table 4-3.3.2a 
Ventilation and pressure relationship for three 
different settings on both the Loughborough IhMTD and Threshold Ih4TD. 
Loughborough I MTD Threshold IMTD * 
Setting Ventilation Pressure Setting Ventilation Pressure 
(l. min"1) (cm H2O) (l. min"1) (cm H2O) 
1 13.94 -11.43 1 9.49 -16.59 
24.86 -12.34 28.83 -18.90 
5 11.84 -31.24 5 8.55 -41.78 
28.69 -35.24 20.99 -43.63 
8 13.71 -64.53 8 8.48 -54.37 
27.64 -62.97 26.68 -59.93 
* results from the previous experiment (Section 4.2.3.2a) 
4.3.4 Discussion 
The data suggests that neither the Loughborough IhfTD, nor the 
Threshold IMTD provide constant inspiratory pressure loads, irrespective 
of the level of ventilation. However, both devices do come very close to 
this ideal. The Loughborough IMTD showed smaller mean pressure load 
changes over all settings than the Threshold IMTD developed by Larson 
and colleagues (1988) over the range of flows used. 
In their paper, Larson et al. (1988) measured the pressure response of 
Theshold device over a range of flows from 0 to 1801. min-1 and claimed 
"at higher flows the inspiratory pressure load increased by a maximum of 
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1 to 2 cmH2O". Whilst this may have been the case, over a working range 
(0 to 501. min-1) the pressure load changes with alterations in airflow were 
greater than this 1 to 2 cm H2O reported. The present investigation 
represents a more thorough examination of the pressure characteristics of 
both the Loughborough IMTD and the Threshold IMTD. 
Also, as reported earlier, Larson et al. (1988) tested the pressure 
characteristics of their device at one setting only. This appeared to be a 
setting which gave an opening pressure of approximately 16 cmH2O. 
According to the findings in the previous study, this would seem to be the 
first setting. In the previous study, all settings were investigated. The 
results demonstrated that the pressure load does increase with increasing 
flow, at all settings. The present study compared these changes to the 
changes found with the Loughborough IhMTD; i. e., mean values for the 
slopes of the flow / pressure relationship for all settings, were compared 
for both devices. The results show that the Loughborough IMTD had a 
mean gradient closer to zero, and therefore closer to the ideal model, than 
the Threshold IMTD, for a range of flows from 10 to 501. min-1. For the 
Threshold IMTD, setting 9 showed the greatest pressure load change with 
increasing airflow. Given that this setting was off the scale, and therefore 
may not have been intended for use, this equation was removed from the 
analysis. The mean±SD value for the slopes of the pressure/flow 
relationship falls as a consequence from 0.194±0.187 to 0.143±0.116. Only 
when the gradients for the pressure/flow relationship for the last two 
settings are removed (as these settings appeared to be the worst in terms of 
pressure load stability with increasing air flow) does the mean gradient 
become similar to the value for the Loughborough IMTD (0.107±0.060). 
This severely limits the range of settings available on the Threshold 
IMTD. 
The correlations of the linear regression models for the device developed 
in the present study were very high (mean r2 = 0.972), showing that the 
regression model is an accurate representation of the relationship. Also, 
the increase in pressure load with increasing airflow in highly consistent. 
Correlations for the linear regression of the Threshold MMTD were lower 
(mean r2 = 0.6182) indicating that there was a much greater scatter of the 
points around the regression line. This suggests that the pressure load 
alteration is much less consistent and reflects the observation that the 
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poppet valve incorporated in the Threshold IMTD opens in an erratic 
manner. 
The breathing tests confirm these findings. The Loughborough IMTD 
showed small changes in inspiratory pressure load with alterations in 
ventilation. However unlike the constant flow tests, the pressure load 
change for setting 8 on the Loughborough IMTD was negative i. e. the 
pressure load decreased with an increase in ventilation. This change was 
nevertheless small (1.56 cm H20). In the previous experiment, breathing 
tests performed on the Threshold device gave similar results. Setting 8 
proved to be the most variable in terms of the change in inspiratory 
pressure load for the Threshold IMTD (5.56 cm H2O) whilst a4 cm H2O 
change in pressure load was the largest change recorded with the 
Loughborough IMTD (setting 4). 
These results show that the Loughborough Il 1TD was at least as good, if 
not better, than an existing device used for training the inspiratory 
muscles - the Threshold IMTD. The Loughborough IMTD showed mean 
inspiratory pressure load changes with alterations in airflow and 
ventilation of similar magnitude to those found with the Threshold 
device. These pressure load changes for the Loughborough IMTD were 
linear and proportional in nature, unlike the Threshold device, which 
demonstrated erratic changes in pressure load and airflow through the 
device. Subjectively, the Loughborough IMTD felt more comfortable to 
breathe through and the valve did not open in a "step like" fashion, as 
had been observed with the Threshold IMTD. 
These results suggest that the Loughborough IMTD provides an 
inspiratory pressure load that is relatively independent of alterations in 
breathing strategy and is likely to be equally effective in the training of 
inspiratory muscles as the Threshold IhMTD. The subsequent experiment 
will test the effectiveness of the Loughborough IMTD empirically. 
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44 Inspiratory Muscle Training in Healthy, Elderly Human Beings 
4-9.1 Introduction 
Previous published studies have shown that it is possible to increase the 
strength and endurance of the respiratory muscles in both normal subjects 
(Leith and Bradley, 1976; O'Kroy and Coast, 1993) and patients with lung 
disease (Pardy et at, 1981; Bjerre"Jepsen et al, 1981; Weiner et al, 1992a), 
either by inspiratory flow resistive training devices (Andersen et al, 1979; 
Sonne and Davis, 1982), pressure threshold training devices (Clanton et at, 
1985; Larson et at, 1988) or hyperpneic ventilatory training (Delman and 
Mittman, 1980; Gelman and Shadmehr, 1988). 
To date, only two papers have been published which report 
improvements in the strength and endurance of the respiratory muscle in 
healthy, elderly subjects following respiratory muscle training (Reid and 
Warren, 1984; Belman and Gaesser, 1988). Reid and Warren (1984), 
examined the effect of performing maximum static efforts against a closed 
glottis on respiratory muscle strength in six healthy elderly men (mean 
age - 68 years). The respiratory muscle training consisted of four sessions 
per week for 5 weeks. At each session, subjects performed Valsalva 
manoeuvres (maximum expiratory effort held against a closed airway) at 
functional residual capacity (FRC) and total lung capacity (TLC), and 
Muller manoeuvres (maximum inspiratory effort held against a closed 
airway) at residual volume (RV) and FRC. Each manoeuvre was held for 
six seconds followed by a 15 second relaxation period, before repetition, 
until 10 manoeuvres had been completed. After the training program, 
there were significant improvements in maximum inspiratory pressure 
(MIP) at RV and maximum expiratory pressure (MEP) at FRC. 
Belman and Gaesser (1988), studied the effect of ventilatory muscle 
training in twenty five elderly men and women (aged 65 - 75 years). 
Subjects trained for eight weeks by performing isocapnic hyperpnea for 30 
minutes per day, 4 days per week. Before and after training, exercise 
capacity was determined by means of an incremental exercise test, and a 12 
minute single stage exercise test performed at approximately 70% of the 
maximal exercise capacity. Ratings of perceived exertion (RPE) for 
breathlessness and leg effort were obtained each minute, using a modified 
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Borg scale, during both exercise tests. Following training, both maximum 
sustained ventilatory capacity (MSVC) and maximum voluntary 
ventilation (MVV) increased significantly, indicating an improvement in 
ventilatory muscle endurance. Despite this, maximal exercise capacity and 
RPE during incremental and steady state exercise did not alter. The 
authors therefore concluded that, "exercise capacity in the normal elderly 
is probably not limited by impaired ventilatory mechanics" (Belman and 
Gaesser, 1988). 
Many investigators have also looked at the influence of respiratory muscle 
training on exercise capacity. The literature is in general agreement that 
respiratory muscle training, either by inspiratory flow resistive devices, 
pressure threshold devices or hyperpneic ventilatory training, consistently 
increases the duration of steady-state cycle ergometer exercise (Belman and 
Mittman, 1980; Pardy et a1,1981; Sonne and Davis, 1982; Larson et al, 1988; 
Weiner et al, 1992a). All of theses studies recruited subjects with chronic 
obstructive pulmonary disease (COPD). These same authors also reported 
that the distance that the subjects could walk in 12 minutes (12 MWD) 
increased significantly. 
The effect of respiratory muscle training on the sensation of breathlessness 
is less certain. Breathlessness was reduced after inspiratory muscle 
training in some studies (Andersen et at, 1979; Falk et at, 1985; Harver et al, 
1989), whilst it remained unchanged in others (Jones et at, 1985; Suzuki et 
at, 1993). These represent both controlled and uncontrolled trials. 
Inspiratory muscle training also seems to enhance the ability to perform 
activities of daily living in some patients (Andersen et at, 1979; Sonne and 
Davis, 1982; Andersen and Falk, 1984) but not in others (Bjerre-Jepsen et at, 
1981; Madsen et at, 1985; Levine et at, 1986). 
Previously, only one experiment has examined these issues in a group of 
healthy, elderly subjects. Belman and Gaesser (1988) studied ventilatory 
muscle training in 25 elderly volunteers, who performed isocapnic 
hyperpnea for 30 min per day, 4 days per week, for 8 weeks. They 
concluded that this training improved the maximum sustained 
ventilatory capacity (MSVC) and the maximum voluntary ventilation 
(MVV) but had no effect on maximal exercise capacity and ratings of 
perceived exertion (RPE) during incremental and steady-state exercise. 
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According to Killian's (1990) theory on the mechanisms of breathlessness, 
the strength and condition of the respiratory muscles are independent 
contributors to the sensation of effort and dyspnoca. Killian (1990) argued 
that we arc aware of the amount of effort normally required to generate a 
given ventilation. The sensory consequences of respiratory muscle 
weakness are the requirement for an increased central motor drive to the 
respiratory muscles, in order to achieve the desired level of ventilation. 
This "inappropriateness" reaches consciousness and precipitates the 
sensation of breathlessness (Killian, 1990). In theory, therefore, respiratory 
muscle training should reduce the central motor drive necessary to 
generate a given ventilation by increasing respiratory muscle strength, and 
hence ameliorate breathlessness. 
The present study set-out to examine whether it was possible to train the 
inspiratory muscles of a group of healthy, elderly men and women using 
either an inspiratory flow resistive device (the Vitapep IhITD; MEDIC-AID 
Ltd, U. K. ) or a pressure threshold device. The latter device being the 
Loughborough IMTD described in the previous section (Section 4-3) and 
shown to be as effective at providing inspiratory pressure loads, as the 
Threshold IMTD (Healthscan Products Inc, NJ, U. S. A. ). The influence of 
inspiratory muscle training upon the perception of exertional 
breathlessness was also investigated. 
4.4.2 Methods 
4-4.2.1 Subjects 
Thirty two Caucasian subjects (18 male; 23 female), drawn from the 
volunteer panel described in Section 2-12, participated in the study. All 
subjects were non-smokers, either lifetime never smokers (n=13) or ex- 
smokers of at least five years (n=19). Stature and body mass were 
determined using the equipment and methods described elsewhere 
(Section 2-12). Informed consent and local Ethical Committee approval 
was obtained. 
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4.4.2.2 Protocol 
Subjects were allocated randomly to one of four training groups: 
Group A used a Vitapep IMTD 
Group B used a sham training device that resembled the Vitapep in 
every aspect other than the fact that the diaphragm of the 
one-way valve had been removed allowing both inspiration 
and expiration to proceed unhindered. 
Group C used the pressure threshold device developed in the 
previous experiment 
Group D used a sham training device that resembled the pressure 
threshold device in every aspect. This device however 
incorporated a very light spring that allowed the valve to 
open with the generation of minimal inspiratory pressure. 
Subjects were unaware which device they were given, or the precise 
nature of the experiment. The experiment was single blind since the 
investigator (AJC) performed the random allocation. 
Each volunteer was given the appropriate training device and instructed 
to use it three times a day, preferably before meals, for 10 minutes per 
session, for a period of six weeks. Volunteers were asked to adopt a 
normal, resting breathing strategy during the 10 min training period. 
However, since the training was to be performed at home, it was 
impossible to determine whether subjects had complied with this request. 
Emphasis was also placed on the need to maintain habitual activity levels 
during the course of the experiment. 
The initial setting on the training device corresponded to a pressure load 
of approximately 30% of the subject's maximum inspiratory pressure at 
RV (Plmax). Each week, for the six week training period, subjects attended 
the laboratory for assessment of their maximum static respiratory 
pressures, maximum voluntary ventilation and to allow adjustments to 
be made to the training device. If a subject felt the training intensity was 
light, or showed an improvement in their inspiratory muscle strength, the 
setting on the device was increased, otherwise the setting was left 
unchanged. 
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Each subject was given a folder containing detailed information on how to 
use the training device, how it should be cleaned and an emergency 
contact number should a serious problem arise. Also included in the 
folder were a number of diary cards. These were completed daily so that 
compliance could be assessed and to allow the subject to comment on any 
aspect of the training they felt necessary. A diary card is shown in 
Appendix 4-4.2.2. 
Subjects attended the laboratory for baseline assessments on two occasions 
approximately one week apart. At each visit, maximum static respiratory 
pressures and maximum voluntary ventilation were measured and an 
incremental exercise test was performed. The first visit was used to 
familiarise the participants with the test procedures and to allow subjects 
to withdraw if they felt unable to complete the experiment. Consequently, 
all results from the first visit were discarded. 
4.4.2.3 Maximum Static Respiratory Pressures 
Respiratory muscle strength was measured using a hand held mouth 
pressure meter (Precision Medical Ltd., Pickering, North Yorks, UK) fitted 
with a flanged mouthpiece (P. K. Morgan Ltd., Gillingham, Kent, 
.. LJK)(Section 
2-11). Plmax was measured at residual volume after maximal 
expiration (MIP¬ RV) and after expiration to functional residual capacity 
(IMP®FRC); PEmax was determined at total lung capacity after maximal 
inspiration (MEP@TLC). The pressures reported are the maximum 
pressures averaged over 1 second. Three measurements for each 
parameter were made and the highest value recorded. A detailed account 
of the measurement technique is given elsewhere (Section 3-2.2.2) 
4-4.2.4 Maximum Voluntary Ventilation 
Maximum voluntary ventilation (MVV) was determined using an 
ultrasonic phase shift flow meter which measured respiratory air flow. 
The flow signal was integrated to give tidal inspiratory and expiratory 
volumes (Vii and VTE, respectively)(for details see Section 2-2). From 
these parameters, the maximum volume of gas which the subject could 
exhale in fifteen seconds, by voluntary hyperventilation, was determined 
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in litres per minute. All gas volumes were corrected for ambient 
conditions (ATPS, BTPS) using the relevant conversion factors (Cotes, 
1979). 
Subjects were given strong verbal encouragement to breathe in and out as 
deeply and as quickly as possible throughout the 15 second test. 
Respiratory frequency was not measured but subjects were presented with 
a visual feedback of their performance (tidal volumes). MVV was 
determined three times, with a rest period of at least one minute between 
the tests, and the highest value obtained was recorded. 
44.2.5 Incremental Exercise Test 
An incremental exercise test was performed on an electromagnetically 
braked cycle ergometer (Section 2-5). Prior to the start of the test, the 
subject was seated on the saddle and adjustments were made to ensure a 
comfortable cycling position with the knee almost fully extended at the 
bottom of the pedal stroke and the handlebars at wrist height. During the 
exercise test, work rate was increased by between 6 and 25 watts per minute 
(depending on the subjects age and physical ability) so that the subject 
reached approximately 75% of their predicted maximum heart rate 
(calculated from 210 - 0.65*age) within 8 to 10 minutes. 
Throughout the test, ventilation, gas exchange, and heart rate (Fc) were 
determined breath-by-breath in the manner described previously (Sections 
2-7 to 2-10). 
At the end of each minute of exercise the subject was asked to rate their 
breathlessness using a visual analogue scale (VAS)(Aitken, 1969; Stark et 
al. 1981; Adams et al., 1985a). This consisted of a 10 cm line with a pointer. 
The subject moved the pointer to the position on the scale he/she felt 
appropriate for their sensation of breathlessness at that time. Above the 
scale were the words "How would you rate your breathlessness ? ": At the 
lower end of the scale (left side) a descriptor read "Nothing at all", whilst 
at the upper end (right side) the descriptor read "Maximal". A visual 
feedback of the position of the pointer on the scale was presented to the 
subject at eye level. 
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The test was terminated if ECG abnormalities were observed (though this 
situation never arose), when the heart rate reached approximately 75% of 
the predicted maximum, or when the subject felt they no longer wished to 
continue with the test (Jones, 1988). 
44.2.6 Health Perception Questions 
Finally, all subjects were asked to subjectively rate their; (i) "ability to 
perform exercise"; (ii) "their breathing"; (iii) "their eye sight"; and (iv) 
"their hearing"; both pre- and post-training, by placing a cross on a 10 cm 
scale between the descriptors "very, very poor" and "excellent". Questions 
(iii) and (iv) were presented to the subject in order to test the validity of 
the scale itself; neither hearing nor eyesight should be affected by the 
training and therefore ability perception should not change if the scale was 
used in a reproducible fashion. 
At the end of training, subjects were also asked questions regarding their 
ability to do normal routine activities; their likelihood of taking up a new 
activity or regular exercise; and whether they had benefited personally 
from the training in any way. The health perception questions are shown 
in Appendix 4-4.2.6a and 4-4.2.6b. 
4.4.2.7 Analysis 
At the end of the test, the point at which each rating of breathlessness was 
given was identified and the corresponding minute ventilation (VE; 
l. min-1) was derived by taking an average of the VE from the breaths in 
the previous fifteen seconds. Minute ventilation (VE; 1-min-1) was then 
plotted against the VAS reading (mm). Least squares linear regression was 
performed to produce a line of best fit through these points. All VAS 
readings of zero were excluded from the linear regression analysis. 
44.2.8 Statistical Methods 
All data was transferred to Loughborough University's mainframe 
computer (Hewlett Packard Unix) and analysed using SAS software (SAS 
Institute Inc, Cary, NC, U. S. A. ). Transcription error checks were carried 
out at each stage of data input. Paired t-tests were used to assess the 
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significance or otherwise of changes in static mouth pressures, htVV and 
exercise parameters. Unpaired Nests were used for group comparisons. 
Regression equations were obtained by least squares linear regression 
analysis. A significance level of 5% (p<0.05) was assigned throughout the 
analysis. 
44.3 Results 
Of the thirty two subjects recruited to the study, two withdrew at the first 
visit because they felt unable to complete the entire experiment. The 
remaining 30 subjects were randomised to four groups as follows: 
Group A- 10 subjects (Vitapep IMTD) 
Group B-5 subjects (Vitapep Control) 
Group C- 10 subjects ("Pressure Threshold" IMTD) 
Group D-5 subjects ("Pressure Threshold" Control) 
There was no significant difference in age, stature, mass or baseline 
respiratory muscle strength between Groups A and B, or between Groups 
C and D. Four subjects failed to complete the six weeks training; 
withdrawal was as a result of bad colds or (suspected) chest infections. 
Values for basic anthropometry for the subjects who completed the 
experiment are shown in Table 4-4.3 
Table 4-4.3: Mean(±SD) values for age, stature and mass for the subjects 
who completed the experiment (n=26; 11 males, 15 females). 
GROUP A (n=9) B (n=5) C (n=8) D (n=4) 
e (rs) 71.9 (5.4) 69.8 (1.8) 70.5 (7.3) 67.6 (2.7) 
Stature (cm) 165.4 (10.3) 160.1(8.9) 169.5 (11.0) 157.3 (2.7) 
mass (kg) 68.2 (14.4) 61.6 (12.6) 74.2 (8.6) 69.2 (3.6) 
44.3.1 Maximum Respiratory Pressures 
Table 4-4.3.1 shows and the results for maximum static respiratory 
pressures and maximum voluntary ventilation pre- and post-training, for 
the remaining 26 subjects. 
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Table 4-4.3.1: Mean (±SD) values for maximum static respiratory pressures 
and maximum voluntary ventilation for the subjects who completed the 
study (n=26). 
GROUP A (n=9) B (n=5) C (n==8) D (n=4) 
MEPNTLC 
Pre-training 99.7 (34.2) 81.4 (35.1) 118.9 (37.4) 80.7 (15.9) 
Post-training 106.2 (34.8) 82.6 (30.5) 117.5 (42.3) 88.7 (22.9) 
Difference 6.5 (11.1) 1.2 (9.7) -1.4 (19.9) 8.0 (17.3) 
% Change 7.1 (12.9) 3.1(12.4) -1.0 (17.2) 10.0 (21.6) 
MIPNRV 
Pre-training 78.4 (25.6) 67.4 (20.2) 95.2 (33.8) 78.7 (3.5) 
Post-training 93.0 (22.3) " 77.2 (23.8) 116.1 (31.2) * 87.0 (6.1) 
Difference 14.5 (10.7) 9.8 (9.9) 20.9 (14.0) 8.3 (7.0) 
% Chan e 22.7 (21.4) 15.4 (13.4) 28.5 (26.4) 10.7 (8.9) 
MIP®FRC 
Pre-training 74.8 (26.7) 68.8 (27.6) 95.6(33-5) 84.5 (15.3) 
Post-training_ 83.8 (19.3) 73.0 (20.4) 106.7 (32.9) 87.7 (28.1) 
Difference 9.0 (12.8) 4.2 (10.7) 11.1(13.4) 3.2 (13.3) 
% Chan e 18.5 (26.0) 10.6 (18.4) 15.1(20.3) 2.1(13.2) 
MVV 
Pre-training 104.3 (48.1) 102.8 (36.9) 110.2 (44.0) 98.0 (6.6) 
Post-training 106.5 (46.2) 108.4 (37.4) 112.1 (41.3) 110.4 (13.9) 
Difference 2.2 (12.0) 5.7 (13.1) 1.4 (11.8) 12.4 (8.8) 
% Change 7.1(20.5) 6.9 (15.3) 3.1(10.6) 12.4 (8.3) 
* indicates a statistically significant increase pre- versus post- 
training(p<0.05) 
For abbreviations and units see text. 
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Group A and Group C showed statistically significant increases in 
M1PQRV and MIP©FRC from baseline. Subjects in Groups B and D also 
showed increases in both these variables but these were not statistically 
significant. The improvements in MIP®RV and MIP©FRC seen in 
Groups A and C, though significantly increased from baseline, were not 
significant over the increases in these variables seen in Groups B or D. No 
group demonstrated a significant change in either MEPOTLC or MVV. 
Group D showed a mean increase of 12.4 % for MVV, which approached 
significance (p=0.07), but is probably a reflection of the sample size (n=4). 
These results are displayed graphically in Figures 4-4.3.1a, 4-4.3.1b, 4-4.3.1c 
& 4-ß. 3.1d. 
44.3.2 Breathlessness 
Of the 26 subjects who completed the study, only 13 subjects gave two or 
more ratings of breathlessness greater than zero at both the pre- and post- 
training exercise tests. The remaining subjects either rated no 
breathlessness before ending the exercise, or gave only one or two ratings 
above zero. 
Of the 13 subjects with acceptable results, 7 were from Group C, 4 from 
Group A and 2 from Group B. Since these 13 subjects comprised only two 
subjects from either control group; no control group analysis could be 
performed. For the remaining subjects, ventilation was plotted against 
VAS reading (for each subject) and least squares linear regression 
performed to give the line of best fit through the points. There was no 
significant change in either the slope or the intercept of the VE / VAS 
relationship for subjects in Group A or Group C or when the groups were 
combined. Individual results are displayed graphically in the Appendix 4- 
43.2. 
The maximum ventilation achieved at the pre-training exercise test was 
determined (VEmax. pre)" From the linear regression equations of VE 
against VAS, the level of breathlessness that resulted from a ventilation 
equivalent to 50% of VEmax. pre was calculated for both tests. There was no 
significant difference between the VAS reading corresponding to 50% 
VEmax. pre for either group or when the two groups were combined. 
Furthermore, exercise performance did not alter significantly; there was 
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no statistical difference between maximum exercise ventilation (VEmax 
l. min-t) or maximum oxygen consumption (V02 ml. kg 1) at the pro- 
training exercise test compared to the post-training exercise test. 
44.3.3 Health Perceptions 
Health perceptions of trained subjects increased significantly. The 17 
trained subjects (from Groups A and C) showed statistically significant 
increases in the perception of their ability to perform exercise and their 
breathing, with no change in the perception of their eye sight or hearing. 
The control subjects (n=9) showed no alteration in their health 
perceptions. The results of the post-training questionnaire are shown in 
Table 4-4.3.3. Both trained and control subjects were equally as likely to 
take up a new form of exercise or activity. Also, similar percentages of 
control and trained subjects felt more able to do routine daily activities. 
However, 82.35% of trained subjects compared with 55.56% of control 
subjects felt they had benefited personally from using their IMTD. 
Table 4-4.3.3: Responses to the post-training questionnaire 
Q1: With respect to the training program you have now completed, how 
do you feel about your ability to do normal, routine activities ? 
more able less able ability is about 
Group the same 
Trained subjects 9 0 8 
(n=17) 53% 0% 47% 
Control subjects 4 0 5 
(n=9) 44% 0% 56% 
Trained subjects represent subjects from Group A and Group C 
Control subjects represent subjects from Group 13 and Group D 
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Table 4-4.3.3 (cont. ): Responses to the post-training questionnaire 
Q2: Now you have completed the training program what is the 
likelihood of you taking up a new activity or regular exercise ? 
more likely less likely as likely as ever 
Group 
Trained subjects 4 0 13 
(n=17) 23% 0% 77"/, 
Control subjects 2 0 7 
(n=9) 22% 0% 78% 
Q3: Would you say that the training program has been of personal 
benefit to you ? 
Yes No Unsure 
Group 
Trained subjects 14 0 3 
(n=17) 82% 0% 18% 
Control subjects 5 3 1 
(n=9) 56% 33 11% 
Trained subjects represent subjects from Group A and Group C 
Control subjects represent subjects from Group B and Group D 
44.4 Discussion 
In the present study, there was an average increase in inspiratory muscle 
strength, as measured by MIPQRV, of 22.7% for Group A subjects, and 
28.5% for Group C subjects which would appear to confirm the previous 
finding that it is possible to train the respiratory muscles of healthy, 
elderly subjects (Belman and Gasser, 1988). However, these increases were 
not significant over the changes observed in the "placebo" subjects; 
subjects who trained with a sham training device showed improvements 
in inspiratory muscle strength (MIPQRV) of 15.4% and 10.7% (Groups B 
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and D respectively). These changes were not statistically significant but 
this may be an artefact of the relatively small number of control subjects. 
The design of this study may be criticised for not recruiting more "placebo" 
subjects. Ideally an equal number of subjects would have been recruited to 
each training group. However, the small number of control subjects 
reflects the resource and time constraints placed upon the study. Given 
these difficulties, it was felt appropriate to gain some information 
regarding the "placebo effects" rather than excluding this analysis 
altogether. Several previous investigators have published studies which 
do not incorporate control groups and this limits the interpretation of the 
results (Pardy and Rochester, 1992). The data from the control subjects in 
this study, whilst not comprehensive, does give an indication of the effects 
of performing the training with a sham device, on respiratory muscle 
strength. 
It had been suggested that the physiological response to exercise, repeated 
on several occasions, may be modified by three concurrent processes; 
learning, habituation, and training (Leith and Bradley, 1976). The subjects 
in the present study were all familiar with the laboratory, the investigators 
and the test procedures prior to the start of the experiment. Therefore, 
habituation (loss of anxiety) was unlikely to be an issue in this study. In 
order to reduce the effects of task learning, two baseline assessments were 
performed. Despite this precaution, it seems task learning may well have 
accounted for some of the increases in maximum static respiratory 
pressures in all the study groups. The data would appear to suggest that, 
for "trained" subjects, the increases in inspiratory muscle strength, over 
and above those seen in the placebo subjects, whilst not significant, may 
well be attributed to a genuine training effect. Respiratory muscle strength 
increases found in this study for "trained" subjects, compare favourably 
with those of previous studies. In a recent review by Pardy et al. (1990) the 
average percentage increase in Plmax 
for 16 studies, involving 142 patients 
and normal subjects, was 26.9%. 
A further study is needed to establish 
whether inspiratory muscle training 
does increase inspiratory muscle 
strength significantly over the improvements observed due to "placebo" 
effects (i. e. task learning and subconscious 
increases in effort). 
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The percentage increases in MIPQFRC in this study are less than those in 
MIP®RV and this is probably a reflection of the fact that subjects felt more 
able to perform the maximal inspiratory manoeuvre from RV than FRC. 
An initial training load equivalent to 30% of a subject's maximum 
inspiratory pressure (Plmax at RV) was selected because Larson and 
colleagues (1988) had already shown that this is an effective training 
stimulus. This load was easy to set on the pressure threshold device. 
However, the training load was much more difficult to establish with the 
Vitapep INITD. From a previous experiment (Section 4-2) the pressure 
load at average resting minute ventilation for each setting was known and 
this value was used to assign the initial setting. No account was made for 
alterations in breathing strategy, though subjects were constantly 
reminded that they were not alter their breathing rate. Many subjects 
found normal breathing impossible at the higher settings (smaller 
orifices). Accordingly they reduced their respiratory frequency (Fr) and 
prolonged the time taken for inspiration (TI). This greatly reduces the 
training stimulus and furthermore, seriously limits the practical 
usefulness of the Vitapep IMTD. 
There was a statistically significant negative correlation between baseline 
MIP®RV, expressed as a percentage of the predicted value (% pred 
MIP®RV), and the percentage change in MIP©RV (% MIP©RV), 
following training. Thus, subjects with relatively weak inspiratory 
muscles prior to training, exhibited the greatest improvements in 
MIP®RV. It was therefore possible to derive an equation to predict the 
change in MIP©RV following this training schedule from a subject's 
baseline % pred MIPORV (Figure 4-4.4). This relationship allows the 
selection of individuals most likely to benefit from inspiratory muscle 
training. The present study recruited subjects based on their age, health 
status and on their availability to participate in the six weeks training 
program. As a result, some subjects may not have improved their 
inspiratory muscle strength, despite strict adherence to the protocol, 
because their respiratory muscles were relatively strong to begin with. 
These subjects would require a larger training stimulus than the 
Loughborough IMTD provided and which is impractical using the Vitapep 
IMTD. 
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Fig 4-4.4: Prediction of percentage change in 
MIP®RV following IMT from the baseline value 
for % predicted MIP©RV (n=17) 
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As was expected, there was no significant increase in MEP©TLC. There 
was also no statistically significant change in MVV post-training. This 
finding is contrary to the work of Belman and Gaesser (1990) who 
demonstrated a statistically significant increase in MW, in their study of 
elderly men and women. MVV is a relatively short test and is dependent 
on expiratory muscle strength and airways closure. As a result it may not 
truly reflect the endurance capacity of the inspiratory muscles. In this 
study, maximum static respiratory pressures were used as an indicator of 
respiratory muscle function. The measurement of MSRP is quick and 
relatively simple to perform. The training protocol employed in this 
experiment was designed to improve both inspiratory muscle strength and 
endurance; at a normal breathing frequency, subjects would perform 
approximately 150 loaded contractions of the inspiratory muscles in each 
10 minute session. This type of training would be expected to enhance the 
endurance as well as strength of the inspiratory muscles. Therefore, 
whilst only the strength improvements in respiratory muscle function 
were quantified, it seems reasonable to assume that these changes were 
paralleled by improvements in the endurance capacity of the muscles. 
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Ideally, maximum sustained ventilatory capacity (NISVC) would have 
been measured, as in previous studies (I3elman and Mittman, 1980; 
Belman and Gaesser, 1990), in order to confirm this assumption. 
However, this test is both unpleasant and time consuming and requires 
relatively complex experimental apparatus. Therefore, whilst NISVC may 
have been a better indicator of alterations in respiratory muscle endurance 
than h1VV, it was not measured. 
There were insufficient data to allow definite conclusions to be drawn 
from the exercise testing. As stated previously, only 13 subjects (50%) 
completed both the pre-training and the post-training assessments with 
two or more ratings of breathlessness above zero. The poor quality in the 
ratings of breathlessness can probably be ascribed to two factors: Firstly, 
many of the subjects had not cycled for a number of years. Therefore, on 
terminating the cycling, many subjects complained of leg pain; the 
pedalling was an unfamiliar exercise which caused discomfort in the 
quadriceps and knees. During exercise, there are many afferent inputs to 
the central nervous system relaying information from many peripheral 
sources. It is possible that leg discomfort may have masked the sensation 
of dyspnoea, i. e. subjects may not have been aware of any respiratory 
discomfort because of the more intense perception of leg discomfort. 
Similar findings have been shown by Adams et al. (1985a), who observed 
that sensations of breathlessness on exercise occurred at a higher 
ventilation, and were lower at higher ventilations, when compared to 
breathlessness induced by hypercapnia. Adams et al. (1985a) suggested that 
higher ratings of breathlessness during hypercapnia could be a reflection of 
the fewer sensory distractions associated with this type of ventilatory 
stimulation. 
Secondly, although the subjects were coached on the use of the VAS, 
many seemed unwilling or unable to rate their breathlessness using this 
scale. This may be due to a lack of understanding of the sensation, since 
activities that made the subjects breathless are often avoided, or to a mis- 
understanding of how to use the scale. 
VAS readings were analysed as a function of ventilation because previous 
investigators have selected minute ventilation as the physiological 
stimulus for breathlessness during exercise (Stark et al, 1982; Adams et al, 
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1985; Winning et al, 1988). The VAS scale was used to measure 
breathlessness because it is used routinely in clinical exercise testing and it 
has been shown to be reproducible in healthy, younger subjects and 
patients with respiratory complaints (Stark et al., 1981 & 1982; Adams et al. 
1985a). However, the results from the present study suggest that it may be 
inappropriate for use in healthy elderly subjects. Therefore, it may be 
appropriate to consider an alternative method for quantifying 
breathlessness, which is both "user friendly" and reproducible for use with 
healthy, elderly men and women. 
The exercise protocol used in the present study, was essentially adapted 
from a test used in healthy, younger subjects (Astrand and Rodahl, 1986). 
The data suggested that it may be unsuitable for eliciting breathlessness in 
the healthy, elderly participants of this study. Many of the tests lasted 
between 8 and 10 minutes, with subjects rating their breathlessness at the 
end of each minute of exercise. This meant that there were a maximum of 
8 -10 opportunities for the subject to rate breathlessness. At the beginning 
of the test, subjects were not breathless; towards the end of the test, as 
subjects were likely to be experiencing breathlessness, they may have been 
more aware of musculoskeletal discomfort. The exercise protocol 
therefore may have been responsible for the poor quality ratings of 
breathlessness and in some instances, no VAS ratings at all, despite the 
fact that the maximum work rates should have been sufficient to induce a 
subjective sensation of breathlessness. Since no such work has been done 
specifically on the elderly, it was, at the outset, very difficult to employ an 
established exercise protocol. Further work is therefore needed to establish 
an exercise protocol for use with healthy, elderly subjects in studies of 
exertional breathlessness. 
Thus, the data from the present study is inconclusive in respect of the 
influence of inspiratory muscle training upon exertional breathlessness in 
the elderly. The health perception questions however do provide some 
subjective evidence for the benefit of inspiratory muscle training. Only 
trained subjects showed a significant improvement in their perception of 
both their breathing and their ability to do exercise. The results of the 
post-training questionnaire show that over 80% of subjects from Group A 
and C (trained subjects) felt some personal benefit from using their IMTD. 
Many reasons were given as to why subjects felt they had benefited from 
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the training. For example, 10 subjects thought the training had helped 
their breathing, 1 subject felt it helped them sleep better another thought it 
increased their feeling of "well being". 
To conclude, the results of this study suggest that inspiratory muscle 
training may enhance the strength of the respiratory muscles in healthy, 
elderly subjects. Strength improvements were irrespective of the type 
IMTD used. However, the data is inconclusive; "trained" subjects showed 
statistically significant improvements in inspiratory muscle strength 
following IMT, but these changes were not significant over the changes 
observed in "placebo" subjects. The increases in respiratory muscle 
strength may be accompanied by an increase in respiratory muscle 
endurance, though there are no data in this study to support the latter. 
Furthermore, the effect of improved respiratory muscle strength on the 
sensation of exertional breathlessness remains to be established. 
Inspiratory muscle training did lead to an increase in subject's perception 
of their breathing and ability to do exercise. The majority of subjects felt 
they had benefited personally from the training protocol 
Further work is needed to determine whether inspiratory muscle training 
in healthy, elderly subjects, does induce a training response, or whether 
the improvements in inspiratory muscle strength, observed in this study, 
were merely a consequence of task learning. An exercise protocol to 
stimulate breathlessness without causing musculoskeletal discomfort, 
needs to be established along with an accurate and reproducible technique 
for rating breathlessness. 
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CHAPTER FIVE 
DEVELOPMENT OF AN EXERCISE PROTOCOL FOR INDUCING 
BREATHLESSNESS AND PROVIDING A REPRODUCIBLE METHOD 
FOR QUANTIFYING THE SENSATION. 
5-1 General Introduction 
The data from the previous experiment (Section 4.4) was insufficient to 
identify any influence of inspiratory muscle training upon exertional 
breathlessness; it was suggested that this may have been due to poor 
ratings of the sensation by the subjects. Incremental exercise had been 
performed on a cycle ergometer, with subjects rating their breathlessness 
every minute using a visual analogue scale (VAS). This exercise test failed 
to yield the increases in breathlessness that normally accompany 
progressive increases in ventilation. Subjects also reported 
musculoskeletal discomfort towards the end of the exercise. It was unclear 
whether the poor quality of the ratings of breathlessness was due to 
subjects failing to use the VAS correctly, or to the inappropriateness of the 
exercise mode and protocol. 
A number of techniques have been described for the direct scaling of 
sensations, based on the principles of psychophysics. These can be 
classified into four distinct groups: 
(1) Nominal Scaling 
This concerns the discrimination of one thing from another. For example 
the perception of a stimulus as hot or cold 
(2) Ordinal Scaling 
Ordinal scaling allows the rank ordering of different magnitudes of a 
sensation. For example a stimulus can be mild, moderate or severe. 
The limitation here is that no information regarding the relativity of these 
intensities can be gained. 
(3) Interval Scaling 
With this form of scaling it is possible to relate magnitudes in such a way 
that the difference between two measurements is meaningful. For 
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example, using a scale of 1-100 for pain, an increase from 25-35 would 
imply an equal increase in sensation as a change from 60-70 albeit at a 
lower intensity. 
(4) Ratio Scaling 
With this technique, there are proportional quantitative relationships 
between magnitudes on the scale. Using the example above, a pain 
intensity of 30 would be twice that of 15 but half that of 60. The ratio 
relationship was described by Stevens in 1957, who defined an exponential 
term which describes the increase in sensation (Y) for an increase in 
physical stimulus (o) such that; 
V= kon 
where the exponent (n) provides an index of the sensitivity with which 
the sensation is perceived. If the exponent equals one (n-1), then the 
perceived rate of increase of the sensation is equivalent to the rate of 
increase of the stimulus intensity; an exponent of less that one (n<1) 
denotes that the sensation is judged with a contracted sensory scale (low 
sensitivity); whereas if n>1 the sensation is perceived with an expanded 
sensory scale (high sensitivity). 
For respiratory sensations, this approach can be applied to lung volumes, 
pressures, ventilation and external resistive loads (Katz-Salamon et al., 
1976). However, in the case of breathlessness, difficulties arise since the 
precise sensory stimulus is unknown. Therefore, there is no clearly 
defined, conventional, stimulus-sensation relationship. 
The inappropriateness of ratio scaling for the assessment of breathlessness 
had led to the use of "linear" scaling techniques. Such scales attempt to 
quantify the sensation of breathlessness relative to two defined extremes. 
In recent years two such scaling methods have been favoured; the visual 
analogue scale (VAS); and the (Modified) Borg scale. 
Visual Analogue-Scale 
The VAS consists of a 100 mm line with descriptors at each end; these 
labels reflect the two extremes of the sensation: 
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Fig 5.1a: A 100 mm visual analogue scale for rating the intensity of 
breathlessness. 
How would you rate your breathlessness ? 
Nothing at all Maximal 
5 100 mm 
. 04 0- 
The subject is asked to mark the point on the scale that represents the 
intensity of their breathlessness at a given time. At the upper end of the 
scale "maximal breathlessness" is used as a reference point, based on 
general experience. Previous studies have used a variety of descriptors; for 
example, "extremely breathless" (Adams et al., 1986; Lane et at., 1990); "as 
breathless as you can imagine" (Swinburn et at., 1984); or have anchored it 
by relating the intensity of the sensation to an activity the patient 
undertook in his/her life which induced breathlessness of a severity 
which was easily recalled by the patient (Stark et al., 1982). 
With a VAS, subjects are asked to perform interval scaling, with equal 
increments in the scale response representing equal increments in the 
sensation. In practice, it seems unlikely that most subjects will be able to 
use the scale as accurately or discriminatingly as this and the scale may 
therefore approximate to an ordinal or category scale (Stevens, 1975). 
The VAS was first used for rating breathlessness by Aitken (1969) in a 
resistive loading experiment. Some years later, Stark et at. (1981), re- 
introduced the use of the VAS in a study involving six, healthy 
volunteers. Breathlessness was induced by graded treadmill exercise or 
carbon dioxide re-breathing. By performing two identical exercise tests, the 
VAS was shown to be a reproducible over a one week period. In four 
subjects, the sensitivity of the method was determined by comparing the 
relationship between breathlessness and ventilation in the presence and 
absence of inspiratory resistances. Further evidence of the validity of this 
scale came from Adams et al. (1985a) who used hypoxia, hypercapnia and 
both incremental and steady state, cycle ergometer exercise, to induce 
breathlessness in healthy subjects. The results showed that the 
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reproducibility of the VAS estimates of breathlessness were independent 
of the nature of the ventilatory stimulus and were maintained over a one 
week period. The same authors (Adams et al., 1986) also noted that 
healthy subjects displayed a wide variability in their sensory scaling of 
breathlessness for equivalent degrees of ventilatory stimulation. This 
variability could not be explained by physical characteristics, ventilatory 
sensitivity or pattern of breathing. This means that the level of 
breathlessness reported using this scale can be compared for an individual 
but not for comparisons of the level of breathlessness between subjects. 
Since this validation work, the VAS has been used in studies where the 
direct assessment of breathlessness has been required to determine the 
effects of therapeutic interventions (Stark and Gambles, 1981), as well as 
the mechanism of the sensation in normal subjects (Lane et al, 1987a; 
Adams et al, 1985a) and patients with respiratory disease (Swinburn et al, 
1984; Adams et al, 1985b; Lane et al 1987b). An important advantage of the 
VAS is its ability to provide multiple assessments of the intensity of 
breathlessness under conditions in which this may be changing rapidly. 
This was demonstrated by Lane et al. (1987c), who randomly confronted 
subjects with changes in exercise intensity and respiratory resistive loads. 
The effects of these various stimuli on the perception of breathlessness 
could be easily distinguished since the subjects were able to rate their 
sensation using the VAS every 30 seconds. 
Modified Borg Scale 
Another frequently used scale for quantifying breathlessness is the 
modified Borg scale. Borg (1973) suggested the use of a 15 point rating scale 
which gave estimations of perceived exertion that showed a good 
correlation with heart rate during incremental cycle ergometer exercise (fig 
5-1b). In order to test the validity of Borg's rating scale of perceived 
exertion, Skinner et al. (1973a) studied 8 lean and 8 obese subjects, to 
determine if they could perceive small changes in work load when the 
work loads were presented in random order. Reliability of the scale was 
assessed by repeating this procedure and performing two progressive 
exercise tests. The testing order of the two protocols was assigned 
randomly. The results showed no significant differences in any of the 
physiological or perceptual variables between the two types of test 
protocols. 
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Fig 54b: The Borg scale for ratings of perceived exertion 
---------- 
6 
--------------------------- 
7 Very, very light 
8 
9 Very light 
10 
11 Fairly light 
12 
13 Somewhat hard 
14 
15 Hard 
16 
17 Very hard 
18 
19 Very, very hard 
20 
Fig 5-1c: The Modified Borg scale for rating breathlessness 
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Very severe 
Very very severe 
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147 
Burdon et al. (1982), adapted the Modified Borg scale for perceived exertion 
(Borg, 1978) for use in scaling the intensity of breathlessness (fig 5-1c). The 
scale is essentially a 12 point category scale in which words describing 
increasing degrees of breathlessness are anchored to numbers between 0 
and 10. When a subject is asked to rate their breathlessness, they select a 
number whose verbal descriptor most appropriately applies to their 
sensation of breathlessness at that time. In this respect therefore, the 
Modified Borg scale and the VAS are similar. 
In order to test its validity, ratings of breathlessness obtained by the 
Modified Borg scale have been compared to values obtained using the 
VAS. Wilson and Jones (1989), studied 10 healthy subjects who rated the 
intensity of their breathlessness every minute during exercise on a cycle 
ergometer. With both scales there was a large intersubject variation in the 
breathlessness score, relative to ventilation. There was a good correlation 
between Borg score and VAS score. The Borg scale was also shown to be 
more reproducible over 2-6 weeks but the scale was used over a narrower 
range than the VAS. Wilson and Jones (1991) went on to examine the 
long term reproducibility of the Borg scale. The intensity of breathlessness 
in normal subjects was measured during exercise on seven occasions over 
a 40 week study period. There was no significant difference in Borg scores 
(relative to ventilation) between week 1 and week 40 of the study, though 
there was a significant decrease in Borg score at week 3 and week 6. 
Wilson and Jones (1991) suggested that this result represented a downward 
trend in the perception of breathlessness, over the first six weeks, when 
tests were performed frequently at short intervals. However, this 
downward trend was followed by an increase in breathlessness back to the 
original level after a prolonged period without testing. Muza et al. (1990) 
asked six patients with chronic obstructive pulmonary disease to 
simultaneously rate "the sense of effort to breathe" on a Modified Borg 
scale and a VAS, during progressive maximal exercise on a cycle 
ergometer. The coefficient of variation was lower for VAS scores 
compared to the Borg scores but both scales were reproducible and VAS 
and Borg scores correlated closely with each other. 
Since a universally accepted definition for breathlessness does not exist, it 
is unsurprising that what two individuals perceive as breathlessness, may 
be not be the same sensory experience. This causes obvious difficulties 
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when ratings of the sensation are required, irrespective of the scaling 
technique used. Elliott et al. (1989) examined 169 patients with "breathing 
trouble on exertion" and found that 10% denied that sltortttess of breath 
described how they felt. Also, it has been suggested that when the 
respiratory system is "stressed" by different mechanisms (exercise, CO2 
inhalation and loaded breathing), different qualities of respiratory 
sensation can be distinguished (Simon et al., 1989). 
Another problem common to experiments designed to induce 
breathlessness using exertion, is the mode of exercise used. Previous 
studies have used steady-state exercise (Adams et al., 1985a; ) or 
progressive/incremental exercise (Swinburn et at., 1984; Adams et at., 1986; 
Wilson and Jones, 1989; Muza et al., 1990; Wilson and Jones, 1991) on a 
cycle ergometer. Only a few studies have examined exertional 
breathlessness during treadmill exercise (Stark et at., 1981; Stark et at, 1982; 
Suzuki et al., 1993). Whilst many of these experiment have incorporated 
elderly subjects, no study has looked specifically at a group of healthy, 
elderly men and women and examined the way in which they rate their 
breathlessness or the best mode of exercise for inducing the sensation. 
The following experiments were therefore conducted in order to establish; 
(1) a suitable technique for quantifying breathlessness by healthy elderly 
subjects; and (2) an exercise protocol for use with elderly volunteers, that 
was acceptable to the subjects, did not cause undue discomfort or distress 
and induced reproducible levels of exertional breathlessness safely. 
149 
5.2 Reproducibility of Visual Analogue Scale and Modified Borg Scale 
estimates of breathlessness in healthy, elderly subjects. 
5-2.1 Introduction 
The assessment of breathlessness for experimental purposes ideally 
requires the ability to examine the sensory consequences of an 
intervention. Changes in the perception of breathlessness can therefore be 
attributed to the intervention and not to some alteration in the manner in 
which the rating scale is used. Scaling techniques therefore need to 
indicate the sensation at the moment of enquiry and to reflect changes in 
that sensation rapidly during, for example, an exercise test. The 
assessment needs to be repeatable and sensitive to small changes and must 
be performed by the subject (Cockcroft et al., 1989). 
In recent years two main methods for rating breathlessness have been 
favoured; the Visual Analogue Scale (VAS) and the Modified Borg scale 
(Borg). Both of these scales have been shown to possess the qualities 
necessary for the accurate estimation of breathlessness. Ratings of the 
sensation using the VAS and the Borg scale have been shown to be 
reproducible in healthy, young subjects up to a period of one week and for 
as long as one year (Stark et al., 1981; Adams et al., 1985a; Wilson & Jones, 
1991). However, the reproducibility of these scales has never been 
demonstrated in healthy, elderly subjects. 
Data from a previous experiment (Section 4-4) suggested that elderly men 
and women had difficulty in rating their breathlessness during 
incremental cycle ergometry, using the VAS. There are a number of 
factors that may have contributed to this finding. Poor ratings of 
breathlessness may have been obtained because the elderly subjects had a 
poor understanding of what was meant by the term "breathlessness" and 
hence difficulty in rating the sensation. Elderly people will tend to avoid 
activities that make them short of breath and consequently may not have 
experienced the sensation for a number of years. Furthermore, elderly 
men and women may have difficulty in understanding the technique of 
visual analogue scaling and find the concept of category scaling, with the 
aid of verbal descriptors, easier to appreciate. 
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In a previous section, it was suggested that the poor ratings of exertional 
breathlessness may have been due to the exercise protocol employed; this 
caused leg discomfort and so may have prevented the assessment of 
breathlessness in isolation from other sensory experiences. 
Normally, a maximal exercise test starts with a submaximal rate of exercise 
which also serves as a warm-up. After this, the load may be increased in 
one of several ways: (1) The load may be immediately increased to a level 
which in preliminary experiments has been found to represent the 
predicted maximal load for the subject; this level is maintained for 3 to 6 
minutes. (2) The load may be increased stepwise with several 
submaximal, maximal or "supermaximal" loads, the subject exercising for 
5 to 6 minutes at each work rate, with or without resting periods between 
each load. (3) The load may be increased every or every other minute 
until exhaustion. 
Astrand and Rodahl (1986) have suggested that, from a physiological 
viewpoint, the second method (2) is preferable. They argued that it is 
often of interest to obtain steady state conditions when measuring oxygen 
uptake, heart rate, ventilation, breathlessness etc., at submaximal work 
rates. This requires an exercise period of at least 5 minutes. Incremental 
(ramp) exercise protocols (procedure 3) are a quick method to reveal the 
subject's maximal oxygen uptake. However, since steady-state conditions 
are not attained at changing work rates, this procedure does not provide 
reliable information about ventilatory requirements at different levels of 
physical effort. It may be more appropriate therefore, to examine 
exertional breathlessness in the elderly using bouts of steady state exercise 
(method 2). 
The aim of this experiment was therefore to investigate exertional 
breathlessness during bouts of steady state exercise in healthy, elderly men 
and women. In addition, information regarding the manner and 
reproducibility with which the 
VAS and the Borg scale were used to 
estimate breathlessness, by these subjects during exercise, could be 
obtained. The results were also anticipated to indicate which scale elderly 
subjects preferred to use. 
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5.2.2 Methods 
5.2.2.1 Subjects 
Subjects were drawn from the volunteer panel described elsewhere 
(Section 2-12). Ten healthy, elderly subjects (7 males; 3 female) were 
recruited for the study. Of these, 4 were non-smokers (lifetime never 
smokers), and 6 were ex-smokers of at least five years (30±16; mean±SD 
number of years since stopping smoking). Subjects had attended the 
laboratory previously, though they were unaware of the exact nature of 
the present experiment. Informed consent and local Ethical Committee 
approval was obtained. 
5.2.2.2 Experimental design 
The study incorporated a cross-over design such that all subjects used both 
the VAS and modified Borg scale to rate their exertional breathlessness. 
Each subject attended the laboratory on four occasions. The exercise 
protocol was identical at each visit, with the exception of the rating scale 
used for the assessment of breathlessness. 
To negate order effects, subjects were assigned randomly to use either the 
VAS or modified Borg scale to rate their breathlessness during cycle 
exercise at visit 1. Approximately 1 week later, in a re-test, they used the 
alternative rating scale (visit 2). A four week interval followed, after 
which this process was repeated. Therefore, subjects allocated to rate their 
breathlessness using the modified Borg scale at visit 1, used the VAS scale 
at visit 2, modified Borg scale again at visit 3, approximately four weeks 
later, and finally the VAS scale at visit 4. Alternatively, subjects allocated 
to rate their breathlessness using the VAS at visit 1, used the modified 
Borg scale at visit 2, VAS at visit 3 and the modified Borg scale at visit 4. 
The experimental design is displayed in Fig. 5-2.2.2. 
Breathlessness was defined as "an uncomfortable need to breathe" or, " the 
feeling you get when you feel you're not getting enough air". It was 
stressed that this sensation should be distinguished from any other 
sensation associated with the exercise test, such as muscle fatigue, joint 
pain, awareness of increased breathing or perceived effort. After each 
152 
recording of breathlessness, the scale was reset to zero to ensure that every 
estimation was independent of previous estimations. 
Randomization 
Visit ONE 
VAS 
Visit TWO 
BORG 
FOUR WEEK 
INTERVAL 
Visit THREE 
VAS 
Visit FOUR 
BORG 
WEEK 0 
WEEK 4 
Visit ONE 
BORG 
Visit TWO 
VAS 
FOUR WEEK 
INTERVAL 
Visit THREE 
BORG 
Visit FOUR 
VAS 
Fig. 5-2.2.2 Experimental "cross-over" design. Each subject was assigned randomly to use 
either the VAS or modified Borg scale at visit I and then used the alternative rating scale 
at visit 2. Visit 3 and 4 followed the same order, such that all subjects used both rating 
scales on two occasions, separated by a four week interval. 
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5.2.2.3 Exercise protocol 
Subjects performed bouts of steady state exercise using an 
electromagnetically braked cycle ergometer. At the first visit the exercise 
protocol to be used on all subsequent visit was established. Each subject 
began by pedalling at OW for six minutes to achieve a steady state. This 
was considered to have been reached when the heart rate and minute 
ventilation had attained constant levels for a period of at least one minute 
(Jones, 1988). Subjects then continued exercising for a further 2 minutes 
during which ventilation and gas exchange was recorded, and subjects 
rated their breathlessness four times (every 30 seconds). The subject was 
then allowed to rest for 4 to 5 minutes before repeating this procedure at a 
higher work intensity. Work intensity increased by 10 or 20W depending 
upon the subject's age and physical ability. No further increments in work 
intensity were attempted if ECG abnormalities were observed (though this 
did not occur), when the steady state heart rate reached approximately 75% 
of the predicted maximum, or when the subject felt they no longer wished 
to continue. The number of steady state bouts and the work intensities 
employed was recorded, enabling subjects to perform the same exercise 
protocol at each visit. Thus, the exercise tests on each occasion were 
identical. 
During the bouts of exercise, ventilation and gas exchange parameters 
were determined breath by breath (VE; l. min"1, V02; l. min-1, VC02; l. min- 
1) in the manner described elsewhere (Section 2-7). 
As stated previously, once a steady state had been achieved, a further two 
minutes of exercise was performed, during which breath by breath values 
for ventilation and gas exchange parameters were recorded along with 
four ratings of breathlessness. These values were averaged to give a mean 
breathlessness score and mean steady state values for VE (l. min"1), V02 
(l. min-1) and VCO2 (l. min-1) for that bout of exercise. Once all the bouts 
had been completed, breathlessness ratings and values for VE (l. min-1), 
V02 (l. min-1) and VCO2 (l. min"1) were averaged over all work rates to 
give mean values of these parameters for the visit. Each subject therefore 
had mean breathlessness scores, mean ventilations and mean gas 
exchange values for each visit (4 in total). These values could then be 
compared between week 0 and week 4 for each scale. 
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to give a mean hreathle ne» score for the visit. This procedure was also performed foor 
ventilation and gas exchange variables. 
Once all assessments were complete, data was pooled depending upon the 
rating scale used and the week. Therefore, values for mean ventilation, 
mean gas exchange and mean breathlessness were obtained for tests 
employing the VAS and for tests employing the modified Borg scale at 
Week 0 and Week 4. 
5-2.2.4 Additional measurements 
Subjects also had their static mouth pressures recorded at each visit and 
were asked to keep a diary of all physical activities, of greater than 20 
minutes duration, they undertook in the four week interval between 
testing. The experimental details and findings are reported elsewhere 
(Section 3-3). 
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5.2.2.5 Statistical analysis 
Statistical agreement behveen variables measured at Week 0 and Week -f 
was assessed using the technique described by Bland and Altman (1986). 
To test for statistically significant differences in minute ventilation at each 
visit, repeated measures analysis of variance was performed. A 
significance level of 5% was used in all calculations. Correlations 
coefficients were calculated using the Pearson product-moment method. 
Linear regression was performed by the least squares method to give a line 
of best fit through the points for ratings of breathlessness and exercise 
parameters (VE; l. min"1, V02; l. min"1, VCO2; l. min-1) at Week 0 and Week 
4; (1) for visits during which the VAS was used to rate breathlessness and 
(2) for visits during which the Borg scale was used to rate breathlessness. 
In addition, 95% confidence intervals for the bias were calculated for these 
variables (Bland and Altman, 1986). 
5.2.3 Results 
Basic anthropometric details of the subjects studied are shown in Table 5- 
2.3a. All subjects reported feeling confident that they could rate their 
breathlessness using either scale. 
Table 5-2.3a: Mean, Standard Deviation and Range for Basic 
Anthropometry for the Subjects Studied 
(n=10; 7 Male, 3 Female) 
Variable Mean S. D. Min Max 
Ae( rs) 71 7 61 84 
Stature (cm) 171 10 150 181 
Mass (kg) 73.8 13.2 48.5 85.5 
S. D. = standard deviation 
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Mean breathlessness scores for the four visit are shown in Table 5-2.3b. 
Borg scale estimates of breathlessness, separated by four weeks, were 
significantly correlated (r=0.75; p=0.01). Least squares linear regression was 
performed to give the line of best fit through the points. It was then 
possible to compare this line to the line of identity (Fig 5-2.3b(i)). The line 
of best fit falls below the ideal situation (i. e. the line of identity). This 
suggests a downward trend in perceived breathlessness after the 4 week 
interval. Indeed, mean Borg scores at week 4 were statistically significantly 
lower than mean Borg scores at week 0 (paired t-test; p<0.05). 
No correlation existed between ratings of breathlessness using the VAS 
over the four week period. There was a larger scatter in the data which did 
not bear any resemblance to the line of identity (Fig 5-2.3b(ii)). It was not 
possible to perform linear regression on these points since there was no 
correlation between them. Despite this, there was no statistically 
significant difference between mean VAS scores at week 0 and week 4 
(paired t-test; p>0.05) (Fig 5-2.3b(iii)). 
Table 5-2.3b: Mean breathlessness scores (arbitrary units) for each of the 
ten subjects for the four tests 
Subject Mean VAS Mean VAS Mean Borg Mean Borg 
Week 0 Week 4 Week 0 Week 4 
A101 28.1 31.2 2.1 2.0 
A102 59.6 32.3 2.6 1.0 
A103 26.9 13.1 1.4 0.5 
A104 23.0 18.6 2.0 1.6 
A105 47.4 10.2 3.0 2.7 
A106 25.4 15.6 0.7 0.0 
A107 11.7 21.4 3.0 1.7 
A108 33.5 42.1 2.6 1.8 
A109 22.2 28.2 1.7 1.9 
A110 18.1 42.8 2.5 2.3 
Mean 29.59 25.46 2.16 1.57 
±$E 4.48 3.68 0.23 0.26 
SE = standard error of mean 
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Fig 5-2.3b(i): A Comparison of Mean Borg Scores 
at Week 0 and Week 4 (n=10) 
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Fig 5-2.3b(ii): A comparison of the Mean VAS Scores 
at Week 0 and Week 4 (n=10) 
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Roth Mean ventilation and mean 
heart rate were lower at the second 
exercise test, compared to the first. I lowever, repeated measures analysis 
of variance showed that there was no significant differences in ventilation 
(p-0.15) or heart rate over the four exercise tests (p=0.36). Consequently, 
changes in the perception of breathlessness could not he attributed to 
alterations in ventilation over the tests; minute Ventilation (VF; I. rnrrý I) 
was reproducible over the four week period for both experimental 
conditions. Table 5-2.3c shows values for mean minute ventilation for all 
four tests for each subject. The least squares regression line for mean 
ventilation at week 0 compared to week 4, for both scales, closely 
resembled the line of identity (Fig 5-2.3c(i) and Fig 5-2.3c(ii)). Indeed there 
was no statistically significant differences in minute ventilation over the 
four week interval for either test (paired t-test; p>0.05). Due to the failure 
of the mass spectrometer, a complete set of gas exchange data was not 
available. It is therefore not possible to report the reproducibility of these 
parameters ('O2; l. min-I , 
VCO2; l. min-t) however, the consistency of VE, 
would suggest that the metabolic requirement of the exercise was 
unchanged. Even at the highest work rates, there was no appreciable 
increase in ventilation towards the end of the bout of exercise which 
would have indicated significant lactic acid accumulation. Furthermore 
there was no significant change in mean heart rate at week 0 compared to 
15) 
%lodowd Borg 
kýcale 
week 4 for tests employing the modified Borg scale (mean ±standard 
deviation; week 0= 112±21.7, week 4 110±18.0; p>0.05, paired t"tcst) or tests 
employing the VAS (week 0a 115±21.0, week 4= 108±17.3; p>0.05, paired t- 
test). 
Table 5-2.3c: Mean minute ventilation (I. min-1) for each of the ten 
subjects for the four tests 
Subject Mean VE Mean VE Mean V8 Mean V8 
Week 0 Week 4 Week 0 Week 4 
(VAS) (VAS) (Borg) (Borg) 
A101 60.02 59.16 54.09 54.25 
A102 42.74 37.25 34.02 40.12 
A103 29.01 28.89 31.43 34.32 
A104 48.81 41.70 42.98 39.58 
A105 62.97 63.00 61.04 56.31 
A106 23.02 25.88 30.00 26.39 
A107 24.36 28.07 33.46 24.16 
A108 29.68 31.21 31.79 33.14 
A109 27.68 30.16 27.56 30.68 
A110 43.48 42.35 38.10 33.16 
Mean 39.17 38.77 38.45 37.21 
SE 4.63 4.13 3.50 3.40 
SE = standard error, VE = Ventilation (l. min-1). 
160 
Fig 5-2.3c(i): Comparison of Mean Minute Ventilation 
for Tests Employing Modified Borg Scale Usage at 
Week 0 and Week 4 (n=10) 
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Values for the bias, estimated from the mean difference (d), the standard 
deviation of the differences (s), and hence the 95% confidence interval for 
the bias for mean breathlessness scores and mean minute ventilation 
between week 0 and week 4 were calculated according to the methods of 
Bland and Altman, 1986. The results of this analysis are shown in Table 5- 
2.3d. The mean difference (bias) for both scales was similar over the four 
week period. However, the 95% confidence interval for the bias was 
considerably larger for mean VAS scores. In other words, there was a 
much larger variation in mean VAS scores (26%) compared to mean Borg 
scores (8%) over the four week period (Fig 5-23d(i) and Fig 5-23d(ii)). 
Minute ventilation showed very good agreement over the 4 week interval 
for tests involving both scales (Fig 5-23d(iii) and Fig 5-2.3d(iv)) as had been 
noted previously. 
Table 5-2.3d: Mean difference, standard deviation of differences and 95% 
confidence intervals for the bias between Week 0 and Week 4 for mean 
breathlessness scores and mean ventilation 
Mean VAS Mean Borg Mean VE 
(VAS) 
Mean VE 
(Borg) 
Mean difference (d) 
(Bias) 
4.126 0.595 0.410 1.236 
SD of differences (s) 18.45 0.557 3.519 9.422 
95% Cl for the bias -9.1<1*1>17.3 0.2<M>1.0 -2.1<M>2.9 -2.1<M>4.6 
CI = confident interval for the bias; VE = Ventilation ( l. min"1) 
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Fig 5-2.3d(i): Difference against mean BORG score 
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Fig 5-2.3d(ii): Difference against mean VAS score 
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Fig5.2.3d(iii): Difference against mean ventilation (1/min) for 
tests employing the Modified Borg scale for rating breathlessness 
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5.2.4 Discussion 
The results of this study show that %-vhcn used by healthy, elderly subjects 
the modified Borg scale produced more reproducible ratings of cxertional 
breathlessness than the VAS. However, there was a statistically 
significant, downward trend in the perception of breathlessness over the 
four week period. Similar findings were shown by Wilson & Jones (1989), 
who found a downward trend which occurred %vhcn tests were performed 
frequently over relatively short intervals but this trend was followed by an 
Increase in breathlessness back to the original level after a prolonged 
period without testing. A similar phenomenon may have occurred in the 
present study; subjects performed 4 exercise tests within approximately six 
weeks. 
There was no significant correlation between mean VAS scores at week 0 
and week 4. This would suggest that the VAS is an inappropriate method 
for quantifying breathlessness by healthy, elderly subjects. This finding 
may explain the poor quality ratings of breathlessness that were obtained 
in the previous experiment (Section 4-4). 
It may be argued that a training effect may have been responsible for the 
apparent alterations in the perception of breathlessness that were observed 
using the Borg scale (Reed and Subhan, 1994). Subjects %vere generally 
sedentary prior to the experiment, and performed 4 bouts of exercise over 
a relatively short period of time. However, contrary to the findings of 
Reed and Subhan (1994), there was no observed change in the mean 
minute ventilation or mean heart rate between any test. Also, any 
training effect %vould have affected both rating scales equally, since all 
subjects used both scales. Furthermore, in order to negate any possible 
effects of the first exercise session upon the second, subjects used either the 
Borg or VAS scale in a randomly assigned order, at either the first or 
second test. For example, the results for mean VAS scores at Week 0, 
represent five individuals who used this scale at the first visit, and rive 
who used it at the second visit, at Week 0. This was also the case for 
values obtained at Week 4. 
Thus, the observed reduction in breathlessness may represent an 
acclimatisation to the sensation. Elderly subjects generally avoid activities 
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which make them out of breath. Since it has been suggested that 
breathlessness Is perceived in the light of previous experience (Campbell 
and Howell, 1963; Killian and Campbell, 1983), these subjects may have 
perceived an exaggerated level of breathlessness Initially, due to lack of 
recent exposure to the sensation. However, following a numer of 
exposures to the sensation, their perception may have become less intense. 
Linking breathlessness scores to the prevailing level of ventilation has 
been shown to be a useful approach which can be supported theoretically 
(Stark et al., 1981; Adams et al., 1985a). As a result, slopes for the 
breathlessness score/VE relationship have been compared between tests, 
in order to assess the reproducibility of rating scales (Wilson and Jones, 
1989 & 1991). In the present study, ventilation was significantly correlated 
to breathlessness in most, but not all cases. A similar finding was shown 
by Adams et al, (1986). Consequently, the use of mean breathlessness score 
was necessary for paired comparison. This variable had been used by other 
investigators as an indicator of level of breathlessness for an exercise test 
(Wilson and Jones, 1991). However, Wilson and Jones (1991) 
acknowledged that this variable can only be used if the exercise tests are 
exactly the same on all occasions. This was the case in the present 
experiment. 
Previous studies designed to validate the VAS have frequently not 
included elderly people. When elderly men and women have been 
incorporated they have been patients with chronic obstructive pulmonary 
disease (COPD), bronchitis, emphysema or asthma. Stark et al. (1981) first 
demonstrated the reproducibility and sensitivity of the VAS for rating 
breathlessness by studying six healthy subjects with an age range of 20 - 39 
years. The same authors repeated this work with patients aged 52 - 66 
years, suffering from chronic bronchitis and emphysema (Stark et al., 
1982). Adams et al (1985a & 1986) also studied healthy, young subjects who 
were smokers and non-smokers. Studies investigating the reproducibility 
and sensitivity of the Borg scale have used similar populations; Wilson 
and Jones (1989) compared ratings of breathlessness using the VAS and the 
modified Borg scale with subjects aged between 22 and 33 years. I. -Itiza et 
al. (1990) used a similar protocol in patients, aged between 56 and 74 years 
with COPD. The present study has therefore characterised the validity and 
reproducibility of both the VAS and the Borg scale for rating exertional 
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breathlessness in a previously unstudied group; healthy, elderly men and 
women. 
The objective findings of this study are supported by subjective evidence: 
Of the ten subjects who participated in this study, 6 reported that the 
modified Borg scale was preferable to the VAS, whilst 2 reported that they 
preferred the VAS; the remaining 2 expressed no preference. 
Consequently, elderly men and women generally find the concept of 
rating their breathlessness using the Borg scale more acceptable than using 
the VAS. Several of the subjects commented that the descriptors on the 
Borg scale helped them make a decision as to how breathless they felt. 
Whether this is an advantage or disadvantage is not clear. Wilson and 
Jones (1989) reported that the descriptors caused subjects to use the Borg 
scale over a narrower rage than the VAS and so introduced number bias. 
The descriptors may have imposed a certain threshold of sensation 
intensity at each level which had to be exceeded before proceeding to the 
next digit. This was also the case in the present study, since maximum 
VAS scores were generally higher than maximum Borg scores (only on 
three occasions, out of a possible 20, did the maximum breathlessness 
score for the Borg exceed that of the VAS in the equivalent tests). 
Relatively short bouts of steady state exercise were used in order to reduce 
leg and seat discomfort (since subjects were allowed to rest in between 
bouts) and to give subjects ample time in which to "experience" their 
breathlessness before being required to rate the sensation. Steady state 
exercise has not been used extensively in previous studies, though it is by 
no means unique (Lane et at., 1987; O'Neill et at., 1986; Wilson and Jones, 
1992). However, as was observed in the previous study (Section 4-4), a 
small number of subjects continued to experience leg and seat discomfort 
during cycling. To date, the majority of experiments that have examined 
exertional breathlessness, have used cycle ergometry; only Stark et al. (1981 
& 1982) have consistently used treadmill exercise. Cycle ergometry is often 
used since body weight is supported by the cycle and therefore is not a 
factor in energy expenditure. Skinner et al. (1973b) have shown that the 
perception of "effort" during cycle ergometry is greater than that during 
treadmill exercise at equivalent levels of oxygen uptake. This may have 
been responsible for the very low ratings of breathlessness which some 
subjects reported in the present study. It is also consistant with the 
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suggestion that many subjects, who have not cycled for a number of years, 
find the "effort" of cycling very great and that the sensory consequence of 
this is poor perception of breathlessness. Further work is needed in order 
to establish the effect of treadmill exercise on perception of exertional 
breathlessness. 
In summary, these results suggest that the Modified Borg scale provides 
more reproducible ratings of exertional breathlessness than the VAS when 
used over relatively short periods, by healthy, elderly subjects using a cycle 
ergometer. Mean Borg scores did however, demonstrate a statistically 
significant, downward trend, over the four week interval. 
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5-3 Visual Analogue Scale and Modified Borg Scale estimates of 
breathlessness induced by treadmill exercise in healthy, elderly subjects. 
5-3.1 Introduction 
The previous experiment (Section 5-2) suggested that the Modified Borg 
scale provides more reproducible ratings of exertional breathlessness than 
the VAS when used over relatively short periods, by healthy, elderly 
subjects using a cycle ergometer. However, exercise by this method 
continued to cause discomfort even during these relatively short bouts of 
exercise. It is possible that these sensory experiences may have influenced 
the perception of breathlessness. 
In laboratory experiments, three methods of producing standard work 
intensities have been applied; running on a treadmill, exercising on a cycle 
ergometer, and using a "step" test. Generally, cycling produces lower 
maximal oxygen uptake than running on a treadmill. In extreme cases, 
the maximum aerobic power in cycling can be as much as 20% less than 
treadmill values (Astrand and Rodahl, 1986). This is attributed to the 
smaller number of muscle groups in use during cycling. Also, subjects 
often experience feelings of local fatigue or a sensation of pain in thighs. 
TWs discomfort may cause the effort to be interrupted before the oxygen- 
transporting system has been fully taxed and hence contribute to the lower 
values for maximum oxygen uptake compared to treadmill exercise. 
Niotivation is therefore an important factor when cycle ergometry is used. 
When a subject runs on a treadmill , they are obliged to follow the speed 
of the belt or jump off, thus motivation is less critical. Also, Skinner et al. 
(1973b) have shown that ratings of perceived exertion on a cycle ergometer 
are greater than on a treadmill for equivalent levels of oxygen uptake. 
Experiments concerned with exertional breathlessness have largely used 
cycle ergometry as a ventilatory stimulus (Adams et al., 1985; Wilson and 
Jones, 1989; Lane et al., 1990). However, treadmiU exercise has been used. 
Stark et al. (1981) used 2 min of treadmill walking at 2 km. h-I followed by 
a further 2 min at 4 km. h-I and a final 2 min at 6 km. h-1, in healthy young 
volunteers. The slope of the belt was 5-100 depending on the fitness of the 
subject. The same authors (Stark et al., 1982) studied patients with limited 
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exercise tolerance. Exercise generally continued for 4 minutes with 2 
minutes at each of two speeds. 
in view of the observation that some subjects continued to experience 
undue discomfort during cycling, it may be appropriate to consider 
utilising treadmill exercise to examine exertional breathlessness. Since a 
standard and demonstrably reproducible treadmill protocol does not exist, 
the aim of the present experiment was therefore, to develop a treadmill 
exercise protocol for use with healthy, elderly subjects, that would induce 
exertional breathlessness without causing undue discomfort. 
Furthermore, since the validity of using either the VAS or the Borg scale 
had not previously been demonstrated for healthy, elderly subjects during 
treadmil-I exercise, both of these techniques would be used for rating 
breathlessness. 
5-3.2 Methods 
5.3.2.1 Subjects 
Forty one Caucasian subjects (18 male; 23 female), drawn from the 
volunteer panel described in Section 2-12, participated in the study. All 
subjects were non-smokers, either lifetime never smokers (n=14) or ex- 
smokers of at least five years (n=27). Stature and body mass were 
determined using the equipment and methods described elsewhere 
(Section 2-12). Informed consent and local Ethical Committee approval 
was obtained. 
5-3.2.2 Protocol 
All subjects performed two exercise tests separated by approximately one 
week. The tests were identical apart from the technique used to rate 
breathlessness, which was either the visual analogue scale (VAS) or the 
modified Borg scale (Borg). The order in which the scales were used was 
randomised between subjects. From the original group, eight subjects 
were selected at random to repeat the exercise test a further three times at 
weekly intervals; 4 quantified their breathlessness using the VAS; the 
remaining four used the Borg scale. The protocol is shown 
diagrammatically in Fig 5-3.2.2. 
4 
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Fig 5-3.22. Diagrammatic representation of the protocol. All subjects performed the first 
two exercise tests with eight subjects completing a further three (to give a total of five 
tests). 
5-3.7.3 Exercise Test 
A progressive exercise test was performed on a treadmill (P. K Morgan 
Ltd., Gillingham, Kent, UK). The subject mounted the treadmill %vwch 
was horizontal and stationary and the chest electrodes (Section 2-8) were 
connected to the cardiac monitor (Physio-Control VSM 3). Instruction was 
then given on how to stop or have the operator decelerate the belt. A 
safety harness was placed around the subjects waist, the mouthpiece was 
adjusted and a nose-clip applied. Each subject performed a short walk to 
become accustomed to the sensation of exercising on the treadmill and 
then returned to rest. Measurements were made at rest for approximately 
two minutes before the exercise began. The belt speed was then 
progressively increased until the initial setting %vas achieved. 
once the test was underway, the subjects was instructed to stand erect, 
with head up, take long steps and lift the feet only to the extent which is 
required for normal walking. Subjects were also discouraged from using 
the hand-rail. During the test, one operator (FAB) observed the subject, 
provided encouragement and monitored the electrocardiogram, whilst 
another controlled the apparatus (AJC). 
Work intensity was increased each minute. Initially, this was achieved by 
increasing the belt speed in increments of 1 km. hrl, until the subject was 
walking briskly; then, secondly, by increasing the treadmill belt incline by 
10 each minute. The work intensity %vas increased until the subject 
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achieved 75% of their predicted maximum heart rate (calculated from 210 
- 0.65*age)Uones, 1982; Astrand and Rodahl, 1986; Cotes, 1993). This 
normally occurred after between 6 and 8 minutes. Throughout the test 
ventilation, gas exchange, and heart rate were measured as described 
previously (Sections 2-7 to 2-10). 
The test was terminated prematurely if ECG abnormalities were observed 
(which never occurred), or when the subject felt they no longer wished to 
continue. 
5-3.2.4 Subjective measurements 
The subject was asked to rate their breathlessness every thirty seconds 
throughout the exercise. Breathlessness was defined as "an uncomfortable 
need to breathe" or, "the feeling you get when you feel you're not getting 
enough air". It was stressed that this sensation should be distinguished 
from any other sensation associated with the exercise test, such as muscle 
fatigue, joint pain, awareness of increased breathing or perceived effort. 
Estimations of breathlessness were given using either the VAS or the Borg 
scale. After each recording, the scale was reset to zero to ensure that every 
estimation was independent of previous estimations. 
5-3.2.5 Additional measurements 
Subjects who attended the laboratory for this experiment also had their 
static mouth pressures recorded at both visits and were interviewed 
regarding their physical activity. The data from this analysis is presented 
elsewhere (Section 3-2). 
5.3.2.6 Statistical analysis 
The corresponding ventilation and gas exchange parameters were 
calculated for each breathlessness rating by taking an average for these 
variables over the 15 seconds prior to the rating. A mean value for 
breathlessness, minute ventilation (VE; 1-min-1), carbon dioxide 
production (VC02; Lmin-1) and Oxygen consumption (VO2; I. min7l) was 
then derived for the test. These values Were compared between each test 
for each subject using paired t-testing. Repeated measures analysis of 
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variancc was used to test for significant changes in these parameters over 
the additional tests completed by eight of the subjects. Pearson product- 
moment correlation coefficients were calculated for all parameters 
between the two tests. Statistical significance was accepted at the 5% level. 
5.3.3 Results 
r- 
Forty one subjects were recruited to the study. Of these, 2 were unable or 
unwilling to walk on the treadmill. Another subject was unable to rate 
his breathlessness using either scale. This was confirmed by asking him 
questions regarding his breathlessness at the end of the test which 
demonstrated that his sensations had not matched the responses he gave. 
The remaining 38 subjects consisted of 16 males and 22 females, all of 
whorn completed the protocol as planned. Table 5-3.3a, illustrates values 
for basic anthropometry for these subjects. 
Table 5-3.3a: Mean, Standard Deviation and Range for Basic 
Anthropometry for the Subjects Studied 
Males (n=16) 
Variable Mean S. D. Min Max 
Age (yrs) 70 6 59 84 
Stature (cm) 174 6 158 184 
Mass (kg) 78.0 8.7 59.5 91.5 
Females (n=22) 
Variable Mean S. D. Min Max 
Ae(rs) 70 5 63 81 
Stature (cm) 157 5 146 165 
Mass (kg) 63.7 10.2 46.0 90.5 
S. D. = standard deviation 
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Group mean values for breathlessness, ventilation and gas exchange for 
the two exercise tests are shown in Table 5-3.3b. There was no significant 
difference in minute ventilation (p-0.52), carbon dioxide production 
(p=OZ4) or oxygen uptake (p=0.78) between the two tests. This Indicates 
that the tests were equivalent and therefore provided a similar ventilatory 
stimulus. Variations in ratings of breathlessness therefore could not be 
attributed to alterations in the ventilatory stimulus. It was found that 
subjects used the Borg and VAS scales in much the same manner; there 
was no significant difference between VAS and Borg ratings of 
breathlessness (p=0.97), in fact they were highly correlated (r = 0.60; p<0.01). 
The VAS and Borg scales were used overa similar range; 0 to 90 for VAS; 
0 to 9 for the Borg. Seventeen subjects gave a maximum VAS score of So 
ess -1 mm and above, whilst 15 subjects rated their maximum breathlessn as 
5.0 and above using the Borg scale. However, there was a large variation 
in the way individuals rated their breathlessness. 
Table 5-3.3c and Table 5-3.3d shows values for the mean breathlessness, 
mean ventilation and mean gas exchange variables for the four repeat test 
for experiments in which the Borg and VAS scales were used, respectively. 
Mean VAS scores and mean Borg scores both showed a downward trend 
with repeated testing, which was not statistically significant, though it did 
approach significance (VAS, p=0.10; Borg, p=0.10). This is illustrated in Fig 
5-3.3c and Fig 5-33d. Mean VAS scores fell by an average of 37%, whilst 
mean Borg scores fell on average by 46% (Week 0 to Week 4). There was 
no statistically significant change in VE (1-minl), VC02 (1-min-1) and V02 
(l. n-dn-1) over the four tests in either group (Table 5-33c and Table 5-33d). 
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Table 5-3.3b: Mean, Standard Deviation and Probability of Statistical 
Significance Difference Between Exercise and Breathlessness Parameters 
Measured on Two Occasions (n=38). 
Variable Mean : tsd P-valuc 
Mean VE (VAS) 39-93 11-83 
0.52 
Mean VE (Borg) 40.82 13.99 
Mean VC02 (VAS) 1.3-1 0.36 
0.54 
Mean VC02 (Borg) 1.27 031 
Mean V02 (VAS) 132 030 
0.78 
Mean V02 (Borg) 1.33 035 
Mean VAS 21.34 14.56 
0.97 
Mean Borg 2.14 1.27 
(VAS) and (Borg) refer to measurements made at the exercise test during which the visual 
analogue scale or modified Borg scale was used to rate breatWessness respectively. 
indicates that the Borg scores were multiplied by 10 to allow paired comparison. 
VE = Minute ventilation in I. min-1; VC02 = Minute carbon dioxide production In I. n-jn'1; 
V02 = Minutes oxygen uptake in Lmin-1; tsd - ±standard deviation; p-value represents the 
probability of a statistically significant difference between the two measurements 
calculated from a paired t-test. 
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Table 5-5.3c: Mean, Standard Deviationand Probability of Statistical 
Significance Difference Between Exercise and Breathlessness Parameters 
Measured on Four Occasions: Modified Borg Scale (nm4). 
Variable Mean ±sd P-valuc 
Mean VF. (Visit 1) 55-82 23.99 
Mean VE (Visit 2) 56.95 24.45 0.61 
Mean VE (Visit 3) 56.25 21.33 
Mean VF, (Visit 4) 49-94 
_10.45 
Mean VC02 (Visit 1) 1.34 0.30 
Mean VC02 (Visit 2) 1-58 0.40 0.14 
Mean VC02 (Visit 3) 1.46 0.46 
Mean VC02 (Visit 4) 1.56 0.30 
Mean V02 (Visit 1) 1.68 0.59 
Mean V02 (Visit 2) 1.75 OSS 036 
Mean V02 (Visit 3) 1.83 0.68 
Mean V02 (Visit 4) 1.73 0.45 
Mean Borg (Visit 1) 2.19 2.01 
Mean Borg (Visit 2) 1.57 1.13 0.01 
Mean Borg (Visit 3) 1.47 1.28 
Nican Borg (Visit 4) 1-19 1.06 
VE w Minute ventilation in Lmin'l: VC02 a Minute carbon dioxide production in I. n-dn'l; 
V02 . Minutes oxygen uptake In 1-min-1; ±sd - ±standard deviation; p-value represent3 the 
probability of a statistically significant difference behveen the two measurements 
calculated from a paired t-test. 
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Table 5-3.3d: Mean, Standard Deviation and Probability of Statistical 
Significance Difference Between Exercise and Breathlessness Parameters 
Measured on Four Occasions: Visual Analogue Scale (n=4). 
Variable Mean ±513 P-valuc 
Mean VE (Visit 1) 35.41 5-51 
Mean VE (Visit 2) 32.59 5.09 0. '. 2.7 
Nfean VE (Visit 3) 36.01 8.68 
Nfean VE (Visit 4) 31.64 6.17 
Nfean VC02 (Visit 1) 1.26 037 
Mean VC02 (Visit 2) 1.11 0.24 0.26 
Mean VC02 (Visit 3) 1.34 0-53 
Nfean VC02 (Visit 4) 1.07 035 
Mean V02 (Visit 1) 1.26 0.24 
Njean V02 (Visit 2) 1.20 0.20 0.65 
Nfean V02 (Visit 3) 1.30 0.35 
Nfean V02 (Visit 4) 1z 0.30 
Nfean VAS (Visit 1) 23.73 13.70 
Nfean VAS (Visit 2) 22.87 11.89 0.10 
Nfean VAS (Visit 3) 23-12 15.20 
Mean VAS (Visit 4) 15.04 13.00-1 
VE - Ventilation (I. min-1); VC02 = Carbon dioxide production (I. min-1); V02 - Oxygen 
uptake (f. min'l); ±sd= ±standard deviation; p-value represents the probability of a 
statistically significant difference behveen the two, measurement calculated from a paired 
t-test. 
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Fig 5-3.3c: \lean (" SI) Borg Scores with 
Repeated Measurement (n=4) 
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5-3.4 Discussion 
The data gives an account of the manner in which healthy, elderly people 
rate sensations of breathlessness during treadmill exercise. The treadmill 
exercise induced higher levels of breathlessness than seen in previous 
studies involving both healthy young subjects (Wilson and Jones, 1991) 
and patients (Muza ct al., 1990) in which mean breathlessness scores Were 
reported over similar ranges of functional capacity. 
The treadmill exercise was well tolerated and induced quantifiable levels 
of breathlessness safely. Subjects rated their breathlessness in a similar 
manner using both the VAS and the modified Borg scale. Both scales 
provided reproducible ratings of breathlessness, though with repeated 
testing there was a downward trend in both mean Borg scores and mean 
VAS scores. 
Of all the subjects that took part in the study, only one was unable to rate 
his breathlessness. All other subjects felt confident that they could rate 
breathlessness in isolation from other sensory stimuli associated with 
treadmill exercise. The exercise test itself was well tolerated. Some 
subjects complained of leg stiffness the day after the testing but only one 
subject stopped the test prematurely as a result of musculoskeletal 
discomfort (painful hip joint). In order to make the subjects feel more 
secure, they were asked to wear a safety harness for the duration of the test. 
Some authors have suggested that treadmill walking may be inappropriate 
for older individuals and that the provision of a hand rail for support will 
make the metabolic demand of the exercise unpredictable (Astrand and 
Rodahl, 1986). Data from the present study does not support this 
suggestion; the metabolic demand of the exercise was very reproducible. 
The present study describes an effective treadn-till protocol for inducing 
exertional breathlessness safely in healthy, elderly subjects. Use of hand 
rails and a harness are recommended as these help relax the subject and 
experimenter and provide important safety back-up. Also, all subjects 
were allowed to walk on the treadmill before the experiment began and 
again just before measurements began to help reduce anxiety. 
The data confirms the findings of previous studies that there is a large 
inter-subject variability in ratings of breathlessness irrespective of the scale 
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used to quantify the sensation (Stark et al., 1981; Adams et al., 1985a; 
Wilson and Jones, 1989). This may be accounted for by differences In the 
way in which the scales were used by different Individuals, or by varying 
degrees of sensitivity to the sensation of breathlessness. As in previous 
experiments, a significant linear relationship was found between 
ventilation and the level of breathlessness In some, but not all our 
subjects. Adams et al. (1986), observed a similar phenomenon. 
When linear regression is applied to the data, a value for the slope and the 
intercept of the breathlessness/ventilation relationship is obtained. From 
these parameters, it is possible to calculate the point at %YWch the 
regression line bisects the x-axis (Appendix 5-3.4a). TWs is termed the 
'threshold for breathlessness' and represents the ventilation, beyond 
which breathlessness becomes apparent. Reed and Subhan (1994) have 
shown that with repeated testing the slope of the 
breathlessness/ventilation relationship remains highly reproducible, 
whereas this threshold increases significantly. Thus, a single index of 
breathlessness, such as a gradient, may be inappropriate. The Borg scale 
also presented a second threshold phenomenon (Appendix 5-3.4b). Some 
subjects reached a level of breathlessness, denoted by a particular verbal 
descriptor, and remained at that level for some time before the intensity of 
their breathlessness was sufficient for them to proceed to the next digit. 
l3oth the existence of a shifting x-axis intercept and the occurrence of 
identical repeated ratings make the use of linear regression analysis of 
breathlessness against ventilation problematic. Mean breathlessness 
scores, however, are sensitive to changes in both the slope of the 
ventilation/breathlessness relationship and changes in the threshold for 
breathlessness. Furthermore, mean breathlessness scores do not rely upon 
a significant linear relationship being present. Mean breathlessness scores 
have also been used previously (Wilson and Jones, 1989 & 1991) but these 
investigators have acknowledged that this parameter can only be used for 
comparative purposes, when the exercise tests are identical on all 
occasions. In the present study, there was no statistically significant 
difference in mean VE, mean VC02 and mean V02 between the two tests; 
the exercise test were therefore equivalent and provided the same 
ventilatory stimulus. 
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Mean breathlessness scores were similar for both the VAS and Borg scale 
(21.34 and 2.14, respectively), Both scales would appear therefore, to be 
equally appropriate when estimations of exertional breathlessness are 
required during treadmill exercise. Ho%vever, in general, subjects 
expressed a preference for the Borg scale. This was also found to be the 
case in the previous experiment (Section 5-2). In order to test the 
reproducibility of the two methods for quantifying breathlessness, eight 
subjects continued testing for a further three occasions. The interpretation 
of these results are limited by the small number of subjects Involved. 
However, despite the appearance of a depression in breathlessness scores 
with repeated testing, analysis of variance indicated that there was no 
significant change in the mean breathlessness score for either the VAS or 
the Borg scale. Although the downward trend did approach significance; 
the large inter-subject variability and the small numbers of subjects 
probably account for the lack of statistical significance. Previous workers 
have shown both scales to be reproducible in healthy young subjects and 
patients (Stark et al., 1982; Adams et al., 1985a and 1985b; Wilson & Jones, 
1991). Wilson and Jones (1989) found a similar downward trend in the 
perception of breathlessness. Over a2-6 week interval they observed a 
significant decrease in mean VAS score (27%) and mean Borg score (16%). 
in the present study, much larger decreases in mean Borg (46%) and mean 
VAS scores (371/6) were observed, which may reflect the higher number of 
tests performed over a relatively short time. Alterations in the perception 
of breathlessness may be attributed to changes in the way subjects used the 
rating scales, differences in their sensory perception of breathlessness, or 
physiological effects of repeated exercise i. e., a training response (Reed and 
Subhan, 1994). Whilst a training response cannot be discounted, the fact 
that over the four tests there was no statistically significant change in VE, 
vCO2 or V02 suggests that the downward trend in breathlessness was a 
result of an alteration in the criteria used by the subjects to estimate the 
magnitude of their sensation. Previously it has been suggested that the 
magnitude of breathlessness reported during exercise depends upon 
previous experience (Guenard et al., 1995). Many of these subjects are 
fairly active but avoid vigorous activities which tend to make them 
breathless. At the first test, many subjects may have experienced 
intensities of breathlessness not encountered for a number of years. As 
testing progressed however, subjects became more familiar with the 
sensation and less concerned by its genesis. In other words 
181 
accommodation to the sensation of breathlessness could accompany the 
regular ventilatory stimulation of repeated exercise. 
Unlike the previous experiment (Section 5-2), VAS ratings of 
breathlessness were reproducible over the 4 week period. Thds may be 
accounted for by the experimental design, the different mode of exercise, 
the smaller number of subjects, or an improved understanding of the 
technique of visual analogue scaling. The present study incorporated two 
parallel groups of subjects that used either the VAS or modified Borg scale 
to rate their breathlessness. In the previous experiment, %vWch was a 
cross-over study, all subjects used both rating scales. Cross-over studies, of 
this nature, remove inter-subject bias, since each subject participates in 
both groups. The results of parallel studies have an additional, 
contributing factor in the comparison; namely, two different groups of 
subjects using different rating scales. Consequently, the subjects using the 
VAS in the present study, may have been generally better at rating their 
breathlessness, than the subjects that used the modified Borg scale, 
irrespective of the type of scale they used. As a result, the VAS would 
appear to be the more reproducible rating scale for breathlessness, when in 
fact, it may have been the subjects per se, who rated their breathlessness in 
a more reproducible fashion. 
Finally, all subjects had static respiratory mouth pressures measured as 
part of another experiment (Section 3-3). Using the data from this 
experiment is was possible to derive a prediction equation for maximum 
inspiratory pressure measured from residual volume (NIIPGRV). For 
each subject a predicted MIPGRV can be calculated and the measured 
I, jIp@RV expressed as the percentage of this predicted value (%pred 
MIPORV). The level of breathlessness reported in the present study 
(mean VAS score and mean Borg score) was not signIficantly correlated to 
%pred NUPORV. However, whilst not significant, there was the 
suggestion of a relationship, such that the lower the %pred MIPORV the 
higher the reported breathlessness (Fig 5-3.4a and Fig 5-3.4b). This suggests 
that some other, as yet unidentified, factor(s) is also involved in the 
genesis of breathlessness. This is not entirely unsuprising given the 
complexity of the sensation and the many hypothesised inputs into its 
genesis. 
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Fig 5-3.4a: Relationship between inspiratory 
muscle strength and mean Borg score 
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In summary, an incremental treadmill exercise test has been developed 
which induces quantifiable and reproducible levels of exertional 
breathlessness in healthy, elderly men and women safely. The test 
incorporates increased treadmill speed until the subject is walking briskly, 
after which, treadmill inclination is used in order to increase the 
metabolic demand of the exercise. Both The VASand Borg scales were 
used to rate breathlessness. Mean breathlessness scores were similar for 
both techniques. Repeated testing over four weeks showed a decline in 
mean breathlessness scores for both the VAS and Borg scales. The fall In 
mean Borg score was greater than the fall in mean VAS score, though 
neither change was statistically significant. Both scales therefore are 
appropriate for estimations of exertional breathlessness by healthy elderly 
men and women using a treadmill. Subjectively however, volunteers 
expressed a preference for the Borg scale. 
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CHAPTER SIX 
6-1 I'lie influence of inspiratory muscle training on exertional 
breathlessness and exercise endurance In healthy, elderly men and 
women. 
6.1.1 Introduction 
The previous study reported in Section 4-4, had shown that inspiratory 
muscle strength improved following inspiratory muscle training. Subjects 
who used both 'resistive' and 'threshold' type INITI)s demonstrated 
statistically significant increases in MIPORV from baseline. However, 
these improvements were not significant over the improvements seen in 
placebo subjects. Therefore, the data did not produce conclusive evidence 
that inspiratory muscle training was an effective means of improving the 
respiratory muscle strength of healthy, elderly human beings. The study 
design, which incorporated 4 study groups, 2 of which acted as "placebe 
groups (but only incorporated a small number of subjects) limited the 
interpretation of the data. Furthermore, the experiment was unable to 
establish the influence of inspiratory muscle training upon the sensation 
of exertional breathlessness. The appropriateness of the exercise protocol 
and the technique for quantifying breathlessness were questioned and 
subsequent work led to the development of more suitable techniques for 
use in healthy, elderly subjects (Section 5-2 and Section 5-3). 
The results of the previous inspiratory muscle training study (Section 4-4) 
also suggested that subjects with weaker respiratory muscles showed 
greater improvements in inspiratory muscle strength following training. 
There was a significant negative correlation between pre-training 
maximum inspiratory pressure at residual volume, expressed as 
percentage of the predicted value (% pred MIPORV), and the percentage 
increase in MIPGRV following training (Section 4-4). Thus, using this 
relationship, it was possible to estimate the percentage increase in 
1qIp@RV that might be anticipated in response to the inspiratory muscle 
training protocol developed previously (Section 4-4). Consequently, 
subjects who were predicted to benefit the most from inspiratory muscle 
training (i. e. those with weak respiratory muscles, indicated by a low 
baseline % pred MIPORV ) could be identified. In addition, using data 
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from the treadmill exercise tests (Section 5-3), it was possible to identify 
members of the volunteer panel who experienced at least moderate 
exertional breathlessness. 
The purpose of tWs experiment therefore, was to gather more conclusive 
data on the effectiveness, or otherwise, of Inspiratory muscle, training In 
healthy elderly subjects using the Loughborough INITD. Two study groups 
were employed and a larger number of placebo subjects was recruited. 
Also, the exercise protocol and technique for measuring breathlessness, 
developed in the experiments in Chapter Five, was used to determine the 
influence of inspiratory muscle training upon exercise endurance and the 
sensation of exertional breathlessness. 
6-1.2 Methods 
6.1.2.1 Subjects 
Seventeen Caucasian subjects (8 mate; 9 female), drawn from the 
volunteer panel described in Section 2-12, participated in the study. Of 
these, 6 were non-smokers (lifetime never smokers), and 11 were ex- 
smokers of at least five years (24±14; mean±sd number of years since 
stopping smoking). Using the regression equation described in a previous 
experiment (Section 4-4), subjects with a predicted improvement in 
NJJPGRV following INIT of at least 13% were recruited. This value was 
selected because it exceeded the increase that n-dght be anticipated due to 
"placebo" and task learning effects that were identified previously. 
Stature and body mass were determined using the equipment and 
methods described elsewhere (Section 2-12). Informed consent and local 
Ethical Committee approval were obtained. 
6-1.2.2 Experimental protocol 
Subjects attended the laboratory on nine occasions at one weekly intervals. 
At each visit maximum static respiratory pressures were measured. 
Identical incremental and single stage exercise tests were performed before 
and after a period of six weeks inspiratory muscle training. Fig 6-1.2.2 is a 
diagrammatic representation of the protocol. 
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Fig 6.1.2.2. The experimental protocol 
JET a incremental exercise test; NISRP a maximum static respiratory pressures (I. C, 
maximurn inspiratory pressure recorded from residual volume (NIIMRV) and miximurn 
expiratory pressure recorded from total lung capacity (NILTOTILC), - SST w single-stage 
exercise test. 
Subjects were allocated randomly to one of two training groups at the 
second visit: Group A (Active Trainers) trained with the device 
previously developed and shown to be effective for inspiratory muscle 
training; and Group P (Placebo Trainers) used a sham training device that 
resembled the active device in every aspect but provided no resistance to 
inspiration or expiration. Subjects were unaware which device they were 
given and of the precise nature of the experiment. The experiment was 
double blind since the random allocation was performed without the 
knowledge of either the investigator or the volunteers. All 
measurements were made by the principal investigator (AJQ, whilst the 
initial setting and any subsequent adjustments to the training device were 
made by a second investigator (FAB). 
6.1,2.3 Training Program 
Each subject was given either a "real" training device or a "sham" device, 
depending on the group to which they had been allocated, and Instructed 
to use it three times a day, preferably before meals, for 10 minutes per 
session, for a period of six weeks. Subjects were asked to adopt a normal 
breathing strategy during the 10 n-dn training period. Emphasis was placed 
on the need to maintain habitual activity levels during the course of the 
experiment. 
187 
The initial setting on the training device corresponded to a pressure load 
of approximately 30% of the subject's maximum inspiratory pressure tit 
RV (Pimax). The subject was given the device and used it for the first time 
under supervision. If they felt unable to maintain breatWng at the initial 
load setting, the training load was reduced so that the subject was able to 
complete a full 10 minutc session. Each week, for the six week training 
period, subjects attended the laboratory for assessment of their maximum 
static respiratory pressures. At that time, if the subject felt the training 
intensity was light, or showed an improvement in their Inspiratory 
muscle strength, the setting on the device was increased, otherwise the 
setting was left unaltered. 
Each subject was given a folder containing detailed information on how to 
use the training device, how it should be cleaned and an emergency 
contact number should a serious problem arise. Also included in the 
folder were a number of diary cards. These were completed daily so that 
compliance could be assessed and to allow the subject to comment on any 
aspect of the training they felt necessary. This was the same diary card as 
was used previously (Appendix 4-4.2.2). 
6.1.7-4 Maximum Static Respiratory Pressures (MSRP) 
Respiratory muscle strength was measured using a hand held mouth 
pressure meter (Precision Medical Ltd., Pickering, North Yorks, UK) in the 
manner described previously (Section 3-2.2.2). 
6-1.25 Incremental Exercise Test (IET) 
The exercise test used was developed in the previous experiment (Section 
5-3). Subjects performed an incremental exercise test on a treadmill (P. K. 
Morgan Ltd., Gillingham, Kent, LIK), in the manner described previously 
(Section 5-3.2.3). The test was terminated if ECG abnormalities were 
observed (which never occurred), when the heart rate reached 
approximately 75% of the predicted maximum, or when the subject no 
longer wished to continue. 
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6.1.16 Single Stage Exercise Test (SST) 
Using data from the incremental exercise test 013T), a value for predicted 
maximum oxygen uptake W02wx; I. min-1) was obtained by extrapolation 
of data points for the relationship Of V02 (I-min*1) against heart rate (I*c; 
beats. min, l) to the subject's predicted maximum heart rate (Pred F-cmax). 
Subjects then performed a steady state exercise test, at a constant work 
intensity, that elicited 70% of the predicted V02mix foras long as they 
could. Strong verbal encouragement %vas given throughout the test to 
ensure a true maximum duration of exercise tolerated was obtained (End 
7-1me; min). During the test, ventilation, gas exchange, heart rate and ECC 
were monitored continuously in the manner described previously 
(Sections 2-7 and 2-9). The test was terminated If ECG abnormalities were 
observed (%vWch never occurred), or when the subject felt they could no 
longer continue. 
6-1.2.7 Subjective measurements 
During both the IET and the SST, subjects were asked to rate their 
breathlessness using a modified Borg scale. Assessments were made every 
30 seconds during the IET and at one minute intervals during the SST. 
Breathlessness was described to the subjects as, "an uncomfortable need to 
breathe; the sensation of not getting enough air". After each assessment, 
the scale was re-set to zero so that each rating was independent of previous 
ratings. 
6-1.7-8 Health Perception Questions 
Before and after training, subjects were asked to rate; (1) their ability to 
perform exercise; (2) their breathing; (3) their eye sight and; (4) their 
hearing, using 10 cm visual analogue scales. Subjects placed a cross on the 
VAS at the point which corresponded to their self assessed ability" between 
the descriptors, "very, very poor" and "excellent" (Appendix 4-4.2.6a). In 
addition, at the end of training subjects were asked a number of questions 
relating to completion of the training period; whether the training had 
improved the subjects breathing; whether training had made subjects 
more able to tolerate activities that previously made them short of breath; 
their ability to do normal routine activities; the likelihood of taking up a 
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new activity or regular exercise; and whether the subject felt they had 
benefited personally from the training. The post-training health 
perception questions are shown in Appendix 6-1.2.8. 
6.1.29 Statistical Analysis 
All data was transferred to Loughborough University's mainframe 
computer (Hewlett Packard Unix) and analysed using SAS (SAS Institute 
Inc, Cary, NC, U. S. A. ) Transcription error checks were carried out at each 
stage of data input. Paired Wests were used to assess the significance or 
otherwise, of changes in static mouth pressure and exercise parameters 
from baseline. In addition, the agreement between exercise parameters 
was assessed using the analysis described by Bland and Altman (1986). 
Unpaired t-tests were used for group comparisons. Significance was 
accepted at the 5% level (p<0.05) throughout the analysis. 
For the IET, data for the 2 min warm-up was discarded and the end point 
of the test was defined as the point at which ventilation was at its peak. 
The corresponding ventilation and gas exchange parameters were 
calculated for each breathlessness rating by taking an average for these 
variables over the 15 seconds prior to the rating. A mean value for 
breathlessness, minute ventilation (VE; 1-min't), carbon dioxide 
production (VC02; I-Min*') and oxygen uptake (VO2; I. min-1) was then 
derived for the test. This analysis was also performed for the SST. In 
addition, the maximum Borg value recorded during the test was 
determined. Identical exercise tests (both IET and SST) were performed 
prior to and after the training which enabled comparison of the data using 
paired T-testing. 
6.1.3 Results 
Originallyl seventeen subjects were recruited to the study. However, 4 
withdrew before beginning the training; 2 subjects felt unable to use the 
training device; one subject could no longer make the appointments due 
to a holiday; one was unable to complete the baseline exercise tests due to 
rheumatic pain in the hip. Of the remaining 13 subjects, 2 dropped out 
just prior to completing the training period; one because of family 
bereavement and another as the result of an upper respiratory tract 
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infection. Eleven subjects completed all of the assessments. This number 
was felt to be insufficient to allow statistical analysis to be performed. 
Thus, a further 4 subjects were recruited, all of whom successfully 
completed the protocol. Due to limited time, these additional subjects did 
not perform the single stage exercise test. 
Table 6-13 shows basic anthropometric details of the 15 subjects (8 male; 7 
female) who completed the study. Of these were 5 non-smokers (lifetime 
never smokers) and 10 were ex-smokers of at least five years (25±18; 
mean±sd number of years since stopping smoking). The groups were 
similar in that there was no statistically significant difference in age, 
stature,, mass, or baseline MIPGRV (both the absolute values and tWs 
value expressed as a percentage of the predicted value) between the two 
groups (P>0.05). 
Compliance with the protocol, as assessed using the diary card 
information, was excellent. Generally, subjects were unaware of whether 
they had been training with a 'real' or a 'sham' INITD. However, from 
comments made to the principle investigator at the end of the study, it 
was apparent that one "active" and two "placebo" subjects had guessed 
which device they had been given. All three subjects gave assurances that 
this had not biased the way in which they had performed the training, or 
the post-training assessments. 
Table 6-1.3: Mean (±SD) Values for Basic Anthropometry and Pre-training 
Maximum Inspiratory Pressure for the Subjects Studied 
Variable Group P 
(n=7) 
Group A 
(n=8) 
Age (yea 713(4.8) 68.2(4-5) 
Stature (cm) 162.8 (12.1) 166.4 (10.7) 
JýJass (kg) 69.6(12.5) 71.9(10 ) 
% pred MIPORV 
t 
100.9 (27.9) 1 90.2(14.1) 
j 
red from SD = Standard deviation; % pred NIIPGRV = Maximum inspiratory pressure measu , 
residual volume (anH20) expresseti as a percentage of the predicted value using the 
regression equation derived Previously (Section 44) 
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6.1.3.1 Maximum Static Respiratory Pressures (NISRP) 
Table 6-1.3.1 shows the results of inspiratory musclL. training on 
respiratory muscle strength. There was no significant change in 
SIEPOTLC following training in either group (p>0.05) (Fig 6-1.3.1a). 
However, there was a statistically significant increase in MIPORV In the 
active group (p<0.01) but not in the placebo group (puO. 75)(Fig 6-1.3.1b). 
Both the absolute change in MIPGRV and the percentage change in 
NIIP(DRV from baseline, observed in the "active" group, were significant 
over these changes seen in the "placebo" group (pnO. 03 and paO. 04, 
respectively). 
Table 6-1.3.1: Pre- and Post-Training Mean (±SD) Values for Maximum 
Static Respiratory Pressures 
Variable PRE- POST- Z Difference Percentage P-Value 
trainin trai 
I 
Change 
NIEPOTLC 
Group P 1163 (41-1) 1093 (32.4) -7.0(183) -3.1(18.6) 0.35 
(n=7) 
Group A 106.0 (16.1) 113.6 (21.7) 7.6(15.6) 7.7(14.5) 0.21 
(n=8) 
NfIPORV 
Group P 82.7(20.6) 84.1(20.4) 1.4(11.4) 2.8(163) 0.75 
(n=7) 
Group A 83.4 (263) 98.5 (20A) 15.1 (9.9) 21.4(15.2) <0.01 
(n=S) I I I I I- 
SD . Standard deviadon; Group A- subjects who trained with a "real* Inspiratory muscle 
training device, Group P= subjects who trained %%ith a "sham" device; himIRV = 
1, laximum, inspiratory pressure measured from residual volume (cm"20); hiErOTLC - 
hlaximurn expiratory pressure measured from total lung capacity (cmH20) - 
r-Value is the probability of a hypothesised difference of zero between pre-training and 
pi)5t. training value (paired West). 
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6.13.2 Incremental Exercise Test (IET) 
Subjects rated their breathlessness every thirty seconds throughout the 
IC-T. Mean values for ventilatory and gas exchange variables, and 
modificd Borg score were calculated from the breath by breath data derived 
from the IET as described in Section 6-1.2.9. The results of this Analysis are 
shown in Table 6-1-3.2. 
Of the fifteen subjects who performed both pro-training and post-training 
IET, three showed a significantly larger minute ventilation at the second 
test. All three subjects performed their post-training IET on the same day. 
A fault in the treadmill was identified which resulted in the production of 
a higher work intensity at the post-training IET for these three subjects 
than the work intensity originally employed at the pre-training IET. 
Consequently, the IET data for these three subjects was discarded 
(Appendix 6-13.2a, Appendix 6-13.2b and Appendix 6-1.3.2c). The three 
subjects consisted of 2 "placebo" subjects and I "active subject. The 
respiratory mouth pressure data for these subjects was not excluded from 
the analysis. The remaining 12 subjects completed pre- and post-training 
IET that were the same; differences in mean minute ventilation (VE; 
Lmin-1), mean oxygen uptake (V02; Lrnin'l) and mean carbon dioxide 
production; (VC02; I. min-1) between the two tests were small and not 
statistically significant (p>0.05; paired t-test; Bland and Altman, 1986). The 
results are displayed in Fig 6-13.2a, Fig 6-13.2b, and Fig 6-13.2c. 
Differences in mean heart rate (bpm) between the two tests were also small 
and not statistically significant (p>0.05; paired t-test; Bland and Altman, 
1986). 
Breathing pattern during the IET did not alter significantly. "Active" 
subjects demonstrated no statistically significant changes in mean inspired 
or expired tidal volume (VTI and VTE, respectively; l. min-1), mean time 
for inspiration or expiration (TI and TF, respectively; ms), or*mean breath 
duration (Ttot; ms), from the pre- to the post-training IET (p>0.05; paired t- 
test). "Placebo" subjects, however, did show a statistically significant 
increase in VTI and a statistically significant decrease in TE (P<0.05; paired 
t-test). These results are shown in Table 6-1.3.2. 
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Table 6-1.3.2: Pre- and post-training mean (iSD) values for ventilatory 
variables, oxygen consumption, carbon dioxide production, and mean 
Borg scores for the IET 
Variable I PRE- POST- Difference Percentage p-value 
training training Change 
VE (I. min-1) 
Group P 45.24 46-33 1.09 136 0-58 
(n=S) (12.15) (15.21) (4-05) (9.15) 
Group A 41.72 39-66 -2.06 -3.30 0.40 
(n=7) (10.45) (8-39) (5-99) (13.04) 
VTE (l. min*I) 
Group P 1.45 1.53 0.08 3.03 0.47 
(n=5) (0.52) (0.71) (0.20) (9.74) 
Group A 132 1.26 -0-06 -3.91 0.13 
(n=7) (0.42) (0.36) (0.10) (9.01) 
TE (ms) 
Group P 1098.8 1036.6 -62.21 -5.58 0.02 
(n --- 5) 
(265.0) (247.7) (28.23) (2.48) 
Group A 1095.8 1078.4 -17-35 -0-55 0.70 
(n=7) (160.7) (115-4) (114.93) (11.39) 
VTJ (l. min-1) 
Group P 1.37 1.45 0.08 6.19 0.01 
(n---5) (0.54) (0.55) (0.02) (2.63) 
Group A 1.25 1.25 -0.00 1.25 0.97 
n=7) (0.41) 1 (036) 1 (0.08) (7.99) 
TI (MS) 
Group P 923.6 9193 -4.22 -0.43 0.84 
(n=5) (205.1) (205-5) (3831) (4.83) 
Group A 916.1 933.0 16.97 2.72 0.69 
n=7) (166.0) (147Z) (106-55) (12.07) 
Mot (MS) 
Group P 2027.8 1959.7 -68.16 -331 0.12 
(n=5) (458.2) (443.2) (63.23) (3.63) 
Group A 2017.9 2023.8 5.82 1.15 0.94 
(n=7) (292-5) (205-8) (184.99) ) (9.94 
- 
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Table 6-1.3.2 (cont. ): Pre- and post-training mean (: tSD) values for 
ventilatory variables, oxygen consumption, carbon dioxide production, 
and mean Borg scores for the lE-T 
Variable PRE- I POST- Difference Percentage p-villue 
training training Change 
V02 (l. min-1) 
Group P 1.72 1.77 0.07 6.44 0.15.1 
(n=S) (0.54) (0.38) (0.23) 
Group A 1.48 1.45 0.01 -0.82 0.67 
(n=7) (0.24) 1 (0-23) (0-08) (5-18) 
VC02 (I. min, I) 
Group P 1.73 1.81 0.08 7.73 0.57 
(n=5) (0.54) (0.33) (0-30) (14.53) 
Group A 1.45 1.47 0.02 1.96 0.82 
(n=7) (0.27) (0.24) (0-17) (10-53) 
Fc (b. min-1) 
Group P 115.95 117.45 1.50 1.43 0.51 
(n=5) (6.48) (3.14) (3.99) (3.68) 
Group A 115.62 114.91 -0.71 -0.65 0.79 
(n=7) (9.50) (12.20) (6.68) (5-65) 
Borg score 
Group P 2.40 2.30 -0.10 -6S4 0.60 
(n--5) (1.46) (1.61) (038) (25-86) 
Group A 2.72 2.19 -0.52 -21.43 <0.01 
(n=7) (0.66) (0.90) (0.34) (14-86) 
SD = Standard deviation; Group A= subject who trained with a 'real* Inspiratory muscle 
training device; Group P= subjects who trained with a "sham" device. 
VE = minute ventilation (I. min'l); VTE = expired tidal volume (l. min-1); VTI a Inspired 
tidal volume (l. min-1); TE = expiratory duration (ms); TI a inspiratory duration (ms): Ttot ve 
total breath duration. V02 = minute oxygen consumption (I. min*I); VC02 n minute carbon 
dioxide production (I. ndn'l). 
P. Value is the probability of a hypothesised difference of zero between pre-training and 
post-training value (Paired West). 
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There was a significant decrease in breathlessness In the "active" group 
(p<0.01) %vWch was not observed in the "placebo" group (poO. 60). Subjects 
who trained with a "real" device showed a fall in mean breathlessness of 
21.4 % compared to a fall of 6.5 % in "placebo" subjects (Fig 6-13.2d). The 
mean percentage fall in breathlessness observed in "active" subjects was 
not significant over that seen in "placebo" subjects (pno. 23). 
6.1.3.3 Single Stage Exercise Tests (SST) 
The results of the SST are shown in Table 6-133. As with the IET, 
differences between VE, V02, VC02 and heart rate at the pre- and the post- 
training SST were small and not statistically significant (p>0.05; paired t- 
test; Bland and Altman, 1986). These data are shown graphically in Fig 6- 
1.3.3a, Fig 6-1.3.3b, Fig 6-1-3.3c, Fig 6-1.3.3d. The length of time the SST 
could be tolerated increased in both study groups; *active" subjects showed 
a mean increase in endurance time of 22.0 %, which was not statistically 
significant (p=0.19), compared to a mean increase of 16.8% for "placebo" 
subjects, %vWch was statistically significant (p=0.04)(Fig 6-13.3e). 
Breathing pattern during the SST did not alter significantly In either study 
group following inspiratory muscle training. There were no significant 
changes in VTE, TE,, VTI,, T11 or Ttot (Table 6-133). Also, following training, 
there was a small, non-significant, decrease in the maximum Borg value 
recorded during the SST, for both study groups, indicating a slight 
reduction in breathlessness. 
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Table 6-1.3.3: Pre- and Post-Training Mean (iSD) Values for Endurance 
Time, Ventilatory Variables and Maximum Borg Scores for the SST 
Variable PRE- POST. Difference Percentage p-value 
training training Change 
End Time 
(mins) 
Group P 1215.9 1401.5 185.6 16.8 0.04 
(n=4) (741.8) (839.4) (1103) (8.7) 
Group A 1206.1 1550.6 344.5 022.0 0.19 
(n=7) (671.0) (625.0) (44.2) 
VE (I. min, I) 
Group P 43.16 47.34 4.18 9.20 0.15 
(n=4) (16-65) (19-33) (4.40) (9.55) 
Group A 46.14 44.18 -108 . 7.53 0.20 
n=7) (14.99) 1 (15.94) 1 (3.45) (14.26) 
VTIE (I. min-1) 
Group P 1.44 1.57 0.13 9.98 0.16 
(n=4) (0.70) (0.74) (0-13) (11.09) 
Group A 1.32 1.39 0.06 16-67 0.64 
(n-7) (0-57) (0-50) (0-34) (62.23) 
TE (ms) 
Group P 1074.5 10673 -7.21 0.47 0.74 
(n--4) (187.4) (171.9) (40.28) (3-63) 
Group A 953-5 10003 46-82 835 0.43 
(n=7) (182.7) 1 (86.7) 1 (148.19) (23.65) 
VTI (I. min-1) 
Group P 1.36 1.44 0.08 5.99 0.24 
(n=4) (0.57) (0.63) (0.11) (9.30) 
Group A 1.25 1.33 0.08 17-93 0.40 
(n=7) (0-51) (0.35) (0.24) (44.97) 
TI (MS) 
Group P 9062 '26.9 9" 20.73 2.44 0.17 
(n=4) (1613) (155.8) (23.03) (3.05) 
Group A 813.1 890.8 77.68 13.08 0.14 
(n=7) (197.4) (146.7)__ (120.46)_ (23-03) 
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Table 6-1.3.3 (cont. ): Pro- and Post-Training hican (iSD) Values for 
Endurance Time, Ventilatory Variables and Maximurn Borg Scores for the 
SST 
Variable PRE- POST- Difference Percentage p-value 
training training Change 
Ttot (ms) 
Group P 1977.5 1995.9 18.40 1.14 0.58 
(n-4) (318.2) (289.7) (60.21) (3.06) 
Group A 1797.9 1912.6 120.66 9.40 o. 23 
(n=7) (3313) (197.9) (241.51) (20.03) 
V02 (I. min, l) 
Group P 1.65 1.42 -0.23 -10.19 0.38 
(n--4) (0.52) (0.22) (0.45) (19.21) 
Group A 1.58 1.61 0.03 1.74 0.40 
(n=7) (0.26) (0.28) (0.08) (5.19) 
VC02 (I-Min") 
Group P 1.62 1.59 -0-03 -2.18 0.62 
(n--4) (0.56) (0.55) (0.12) (8.26) 
Group A 1.67 1.66 -0-01 5.42 0.95 
(n-7) (0.50) (0.23) (030) (24.55) 
Fc (b. n-dn-1) 
Group P 121.7 127.8 3.82 3.16 0.17 
(n--4) (1.7) (4.5) (3.10) (2.57) 
Group A 126.2 121.8 4-58 -3.50 0.07 
(n=7) (10-3) (9-0) (6-70) (5.46) 
b, jax Borg 
Group P 4.6 4.4 -0.1 -2.0 0.77 
(n=4) (1.9) (2.0) (1.2) (28.4) 
Group A 4.5 3.8 -0.7 -5.4 0.40 
(n=7) (3.2) (1-7) j 
_ 
(2.1) (28.7) 
For abbreviations, see text. 
SD = Standard deviation; Group A= subjects who trained with a "real" Inspiratory muscle 
training device; Group P= subjects who trained with a 'sham" device. 
P-Value is the probability of a hypothesised difference of zero between pre-training and 
post-training value (Paired mest). 
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64.3.4 Health Perception Questions, 
The post-training questiori-naire responses are ý-iimmaricd ill Tabit, - 
1.3.4. 'Seventv five percent of "active" subjects felt that using the INITI) 
had improved their breathing, compared to on1v 14"4ý of **placebo" subjects. 
Four placebo subjects (577o) were sure that the training had NOT helped 
their breathing. Over half (62.5"o) of the subjects who trained with a 
device felt less breathless when performing activities that before the 
training had made them short of breath. All "placebo- subject-, felt no 
change in their sensations of breathlessness during such activities 
Trained -Subjects were more 
likely to take up a IleW Ictivity or regular 
exercise than "placebo" SUbjects and general1v felt more able to perform 
their dailv routine activities. Seven (87.51 .0 of the "active- subjects felt 
thev had benefited personaliv from the training, compared with less than 
half (43",, ) of placebo Subjects. Indeed, the majority (577-) of "placebo" 
subjects felt thev had NOT gained anything from using their training 
device. 
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Table 6-1.3.4: Post-training responses to the 5ubjective assessment 
questions 
Ql: Has the training improved your breathing 
01 Yes No Unsure Total 
Placebo Subjects n 1 4 2 7 
% 14 57 29 
Active Subjects n 6 0 2 
1 8 
% 75 0 25 
Q2. - Do activities that previously (before training) made you breathless 
NOW make you ? 
Q2 Less More As Total 
breathless breathless breathless 
as before 
Placebo Subjects n 0 0 7 7 
% 0 0 100 
Active Subjects n 5 1 2 8 
% 62.5 12-5 25 
Q3. - Now you have completed the training, how do you feel about your 
ability to do normal, routine activities ? 
Q3 More able Less able Ability is Total 
aboutthe 
same 
Placebo Subjects n 2 0 5 7 
% 29 0.0 71 
Active Subjects n 4 0 4 8 
% 50 0 50 
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Table 6-1.3.4 (cont. ): Post-training responses to the subjective assessment 
questions 
Q4: What is the likelihood of you taking up a new activity or regular 
exercise now you have completed the training ? 
Q1 More 
likely 
Less likely As likely 
as ever 
To ta I 
Placebo Subjects n 2 0 5 7 
% 29 0 71 
Active Subjects n 5 0 3 8 
% 62-5 0.0 37.5 
QS: Would you say that the training program has been of personal benefit 
to you ? 
Yes No Unsure Total 
Placebo Subjects n 3 4 0 7 
% 43 57 0 
Active Subjects n 7 1 0 
1 
8 
% 87.5 12.5 0 
There were no significant differences in VAS ratings of, - (1) ability to 
perform exercise; (2) breathing; (3) eye sight or; (4) hearing, after training, 
in either group (paired Nest; p>0.05). 
6-1.3.5 Respiratory Muscle Strength and Breathlessness 
A correlation existed between baseline hIIPQRV (expressed as a percentage 
of the predicted value) and the mean Borg score at the baseline IET (r=- 
0.57). This relationship, which is displayed in Fig 6-13.5a, approached 
statistical significance (p=0.05). Furthermore, for "active" subjects, there 
was relationship between the percentage change in hIIPQRV and the 
percentage change in mean Borg score, following six weeks IMT (Fig 6- 
1.3-5b). Again, this relationship fell just outside statistical acceptance 
(r--0.717; p=0.07). 
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6-1.4 Discussion 
6-1.4.1 NISRP 
The results of this experiment lend support to the finding of the previous 
INIT study (Section 4-4) and confirm the findings of others investigators,, 
that it is possible to train the Inspiratory muscles of healthy, elderly men 
and women (Reid and Warren, 1984; Belman and Caesser, 1988). 
Inspiratory muscle strength Increased by 20% In subjects who used a "real" 
inspiratory muscle training device (IMD), compared to a 4% 
improvement seen in subjects using a "placebo" device. Reid and Warren 
(1984) observed a 31% increase in hIIPQRV following a specific strength 
training regimen. The present training protocol was designed to Increase 
both the strength and endurance of inspiratory muscles. Thus, It Is not 
suprising that the increase in strength was less impressive than that of 
Reid and Warren (1984). 
The improvements in inspiratory muscle strength by "active" subjects did 
not correlate with predicted changes. A regression equation had been 
developed in a previously experiment (Section 4-4), to predict the 
improvement in MIPGRV, following inspiratory muscle training, based 
on a subject's pre-training WPORV (expressed as a percentage of the 
predicted value). Subjects were recruited to this study if they were 
predicted to show an improvement in MWGRV of at least 13%, since this 
value represented the mean percentage change in MIPQRV that might be 
expected as a result of "placebo" and task learning effects. Using this 
regression equation, the improvement in hIlPQRV for "active" subjects, 
following training, was accurately predicted in only hvo individuals; there 
was no significant correlation between predicted percentage increase and 
actual percentage increase in htIPORV. Of the eight "active" subjects, two 
felt unable to use their INITD at a training stimulus beyond the initial 
setting. As a consequence, the pressure load on the training device had to 
be kept relatively constant throughout the training period. Thus, these 
subjects showed only moderate increases in inspiratory muscle strength. 
This may partly account for the discrepancy behveen the predicted and 
actual improvements in MIPGRV- The findings do highlight the 
difficulty in predicting the response to a given training protocol when the 
training is either unsupervised, or inconsistent across the subject group. 
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The training protocol itself was generally well tolerated. There were no 
adverse events as a result of using the training device, althougli some 
subjects, from both the "active" and "placebo" groups, complained of 
either mouth and throat dryness or excess saliva, %vWlst using their INITD. 
6.1.4.2 Breathlessness during Incremental treadmill exercise 
Inspiratory muscle training using the Loughborough IMTD reduced 
exertional breathlessness. Following six weeks training, "active" subjects 
demonstrated a statistically significant decrease in their mean Borg scores 
at the post-training IET, compared to the pre-training IET. TWS effect was 
not seen in "placebo" subjects. However, the reduction in breathlessness, 
observed in the "active" subjects was not significant over the reduction 
observed in "placebo" subjects. Therefore, the data does suggest that 
inspiratory muscle training may influence exertional breathlessness but 
more conclusive data needs to be collected. 
Changes in the perception of breathlessness may be attributed to changes 
in the IET itself. However, neither study group showed a statistically 
significant change in VE# V02, VC02 or heart rate, which suggests that the 
metabolic demands of pre- and post-training IET were equivalent. Thus, 
the observed reduction in exertional breathlessness is more likely to be 
associated with the influence of the inspiratory muscle training. 
There is some suggestion in the literature, that following inspiratory 
muscle training, subjects may adopt a more mechanically and 
physiologically efficient pattern of breathing (Clanton et al., 1985), which 
in turn could have influenced the perception of breathlessness. However, 
the results of the IET do not support this hypothesis; there were no 
statistically significant changes in VTE, TE, VTI, TI or Ttt at the post- 
training IET, compared to the pre-training IET, in either study group. 
The observation of a relationship between baseline percent predicted 
NJIPURV (%pred MIP) and baseline mean Borg score provides some 
further evidence in support of the theory that respiratory muscle strength 
influences exertional breathlessness. This relationship is not statistically 
significant and relies heavily upon on the results of the two subjects 
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whose %pred NIIP is greater than 120 (Fig 6-13.5a). Without these data, 
the relationship between the two parameters weakens considerably. A 
weak association between breatWessness and inspiratory muscle strength 
has been shown in a previous experiment (Section 5-3). Therefore, a 
relationship between respiratory muscle strength and exertional 
breatWessness may exist but a larger number of subjects would be required 
to demonstrate this unequivocally. 
Another factor that tends to support a relationship between inspiratory 
muscle strength and breathlessness is the slight correlation between the 
change in MIPGRV and the change in mean Borg score. Furthermore, 
hI1PGRV may not be the most appropriate index of inspiratory muscle 
performance to use in the correlation. Therefore, the data does lend some 
support to the notion that inspiratory muscle training plays a significant 
role in the perception of the exertional breathlessness. However, It would 
appear that other, as yet unquantified, factors are also involved. 
The respiratory muscles have been implicated in the genesis of 
breathlessness previously. During exercise, weakness of the inspiratory 
muscle, increases breathlessness, both in normal subjects and patients 
with lung disease (1(illian, 1990). By increasing the strength of these 
muscles, using the technique of respiratory muscle training, It is possible 
to reverse Ns situation, and hence reduce the sensation of breathlessness. 
other workers have obtained similar findings. For example, Andersen 
and Falk (1984) demonstrated that with inspiratory resistive breathing 
training, it was possible reduce breathlessness (assessed using a scoring 
system) and "to improve the daily living" in 63 out of 77 outpatients with 
disabling chronic obstructive pulmonary disease (COPD). The 
improvement in daily living resulted from increased exercise endurance, 
increased 12 minute walking distance, reduced breathlessness and, in 
some cases, a return to their prior work. Falk et al. (1985) found that 
breathlessness was reduced in patient with severe chronic airflo%v 
limitation following 2 months inspiratory resistive breathing training, 
and Harver at al. (1989) were able to reduce breathlessness in patients with 
chronic obstructive pulmonary disease (COPD) following 8 weeks targeted 
inspiratory muscle training. However, all of these studies rated the degree 
of breathlessness using a questionnaire. The present study has examined 
breatWessness on exertion directly; arguably a more rigorous evaluation. 
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Similarly, Suzuki et al (1993) have recently provided evidence that 
inspiratory muscle training, using a pressure threshold deviceo similar to 
the one used in the present study, significantly decreased "breathing 
effort" during treadmill exercise in healthy young women. 
6.1.4.3 Exercise endurance capacity 
Both "placebo" and "active" subjects sho%ved improvements In the Isangth 
of time a single-stage exercise (endurance) test could be tolerated. Group A 
(-active") subjects increased their endurance time following training by an 
average of 22% compared to an increase of 17"No in Group P ("placebo") 
subjects. The was a large variability in endurance times by "active" 
subjects, at both the pre- and post-training SST. Consequently, the mean 
percentage increase in endurance time of 2' 2%, was not statistically 
significant. "Placebo" subjects, on the other hand, showed much smaller 
variations in endurance times, and hence the percentage improvement 
was statistically significant. 
The work intensity chosen for the single stage test (SST) was derived by 
extrapolation of data points to the subjects predicted maximum heart rate, 
from which the work rate that elicited 70% of this maximum value was 
obtained. However, the use of predicted values for maximal heart rate to 
determine exercise intensity is questionable, particularly in the elderly 
(Astrand and Rodahl, 1986). The inevitable problem therefore, is that 
many subjects were able to tolerate the SST for 60 minutes and beyond, 
whilst others could only manage a short time because it was not possible 
to predict 70% V02max accurately in all subjects. In addition, motivational. 
factors played an important part in the length of time the exercise was 
tolerated. Furthermore, despite the frequent use of endurance tests, few 
have tested for reproducibility and thus interpretation of the data is 
necessarily limited. 
Previous investigators have noted improvements in endurance time 
(Belman and Mittman, 1980; Pardy et al., 1981; Sonne and Davis, 1982; 
Larson et al., 1988; Weiner at al., 1992a; Boutellier and Pi%vko, 1992). 
However, others workers have observed no improvement in exercise 
performance (Bjerre-jepsen et al., 1981; Larson et al., 1984; Madsen et al., 
1985; Jones et al., 1985; Levine et al., 1986; Flynn et al., 1989; Goldstein et al., 
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1989). Many of these studies used the distance a subject can %valk within 12 
minutes (12 MID), or the length of time a single stage endurance test 
could be tolerated, as their index of exercise capacity. 
It has been suggested that increases In exercise endurance capacity are the 
result of an altered breathing strategy. For example, Clanton etal (1985) 
found that the changes in inspiratory flow rates, and more importantly, 
duty cycle (II/Ttot), had significant effects on the onset of respiratory 
muscle fatigue. Respiratory muscle fatigue has been implicated in the 
genesis of breathlessness (Aldrich, 1990) and as an exercise limiting factor 
(Boutellier and Piwko, 1992). Boutellier et al. (1992) examined respiratory 
muscle training in healthy, young subjects and demonstrated that the 
subsequent increase in breathing endurance led to a reduction in minute 
ventilation during steady state exercise. In the present study, trained 
subjects may have altered their breathing strategy to some degree. Whilst 
a significant alteration in the pattern of breathing was not found, the data 
did suggest that during the post-training single-stage exercise test, trained 
subjects increased their mean tidal volume (both inspiratory and 
expiratory) and mean breath duration (mean Ttot, mean Tr- and mean TI), 
which in turn led to a small decreased in their mean VE. This implies that 
subjects adopted a slower, deeper breathing pattern, which is more 
efficient (Clanton et al., 1985). Mean heart rate was also reduced during 
the post-training single-stage exercise test, though not significantly. 
6-JA. 4 Health perception and subjective assessment of "well being! ' 
The laboratory evidence favouring a beneficial effect of inspiratory muscle 
training, is supported by the subjective assessments of health perception 
and "well being". TI-ds data gives some indication as to the influence of 
inspiratory muscle training on the subject's quality of life, and reflects the 
impact of the therapy on the subject's everyday routine. 
In the present study, trained subjects (who used a 'real' INITD) generally 
felt better about their breathing, less breathless doing tasks %VWch before 
the training had made them short of breath, and half of them felt more 
able to do their normal daily routine. Seven out of eight of these "active" 
subjects reported personal benefit from the training. All "placebe 
subjects, who used a 'sham' training device, felt as breatWess post-training 
1, I 
as they had done pre-training. Over half of them were sure fluit the 
training had not improved their breathing and that they had not benefited 
personally from participating in the training. Inspiratory muscle training 
would therefore appear to have a positive innuence upon the quality of 
life of healthy, elderly men and women. 
This subjective data might be considered more important than the 
objective, laboratory measurement of breathlessness, since there Is little 
value in an intervention that can be measured in the laboratory but which 
conveys no discrenable benefits to the subjects. Therefore, both the 
subjective and objective data are essential when evaluating the benficial 
effect of inspiratory muscle training upon exertional breathlessness 
experienced by healthy, elderly subjects. 
6-1.4.5 Summary 
The data suggest that, for subjects with relatively weak respiratory 
muscles, inspiratory muscle training (INM improves the strength of the 
inspiratory muscles of healthy, elderly men and women and alleviates the 
sensation of exertional breathlessness during treadmill exercise. 
Following training with the "Loughborough INIM", subjects had a 
perceived improvement in their breathing, felt less breathless doing 
routine activities that before the training had made them short of breath, 
and also felt personal benefit from the training. In conclusion therefore, 
inspiratory muscle training may represent a cheap and effective method 
for ameliorating the sensation of breathlessness in healthy, elderly 
individuals and thus improve their quality of life. 
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CllAffER SEVEN 
GENERAL DISCUSSION 
7-1 7lie assessment of respiratory muscle strength In healthy, elderly men 
and women 
One of the simplest non-invasive measurements of respiratory muscle 
function, is that of maximal pressures, generated at the mouth, after full 
inspiration or full expiration; that is, maximal Inspiratory pressure 
(Pimax) and maximal expiratory pressure (PEmax), respectively. 
Over the years, normal values have been collected; measurements made 
in patients with neuromuscular disease and obstructive lung disease have 
also been reported (Byrd and Hyatt, 1968; Black and Hyatt, 1971). In 
addition to the determination of the maximum static respiratory 
pressures, a technique has been developed to assess the dynamic strength 
generating capacity of muscle; the dynan-dc sniff manoeuvre (He1jdra et 
al., 1992). The dynamic manoeuvre may resemble the activation, co- 
ordination and recruitment of the respiratory muscles during active 
respiration more closely. 
Until recently these pressures have been measured with a mercury 
manometer (Brodley et al., 1964), analogue pressure gauges (Black and 
Hyatt, 1969) or pressure transducers (NicElvaney et al., 1989). Traditional 
techniques required the respiratory pressures to be maintained for a 
minimum of one second and this is reflected in the values reported in the 
literature. Using the latest microprocessor technology, it is now possible to 
measure the peak pressures obtained (Ppeak) accurately, as weil as the 
maximum pressure averaged over one second (Pmax). The experiment In 
Section 3-2 attempted to establish the reliability and reproducibility of both 
of these indices of respiratory muscle function, as well as the dynamic sniff 
manoeuvre, over a period of one week. 
Comparison of values for Pmax obtained at the two assessments yielded 
almost identical results and confirmed the reliability and reproducibility of 
this parameter reported by other investigators (Nioxham, 1990). Values for 
Ppeak also showed good agreement but the variability of this parameter 
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exceeded that of Pmax. Dynamic sniff measurements obtained tit the two 
assessments showed the greatest variation and elderly subjects experienced 
great difficulty in performing the manoeuvre since a degrev- of co- 
ordination was required between respiratory , and limb movements. 
The maximum static mouth pressure averaged over one second was 
therefore selected as the most appropriate index of respiratory muscle 
function in healthy, elderly subjects. Consequently, this parameter was 
used throughout the subsequent experiments. 
7-2 The influence of advancing age upon respiratory muscle strengti, 
Due to the cross-scctional nature of the study described in Section 3-2, and 
the fact that only subjects over the -1ge of 59 years participated, it is not 
possible to describe age related change, -, in respiratory muscle function 
from the data obtained. Instead, it was only possible to report values for 
respiratory muscle strength for the subjects studied. However, the data 
does suggest that the strength of the respiratory muscles declines with 
advancing age; there was a statistically significant negative correlation 
between age and both Pimax and PF-max- These relationships are 
illustared for males and females in Fig 7-2a and 7-2b. 
Several previous investigators have also found that both Pimax and 
PEmax are significantly and inversely related to age (Wilson et al., 1984; 
Viincken et al., 1987; Chen and Kuo, 1989). lUngqvist (1966) performed 
perhaps the earliest study on the effects of age on maximum inspiratory 
(NIIP) and expiratory pressures (NIEP) in normal humans. Ringqvist (1966) 
reported that both WP and MEP decreased by approximately 15% between 
the ages of 20 and 65 years. Some years later, Black and Hyatt (1969), 
demonstrated a correlation between MSRP and age but this relationship 
was only significant for individuals greater than 55 years of age. 
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More recently however, the influence of advancing age upon respiratory 
muscle strength has been questionned. Leech et al. (1983) were unable to 
demonstrate an age effect on the respiratory muscle strength of young 
adults and produced prediction equations based only on stature. In 
addition, Bruschi et al. (1992), showed that age generally did not have 
much Influence on NISRP in subjects over the age of 55 years. Finally, in 
contrast to the study reported in Section 3-2, McElvaney and co-workers 
(1989) found no correlation between NiSRP and age in a healthy subjects 
over the age of 55. 
There are a number of reasons that could account for these contradictory 
findings. These are principally linked to two factors: the different 
methods employed for the measurement of hISRII and, above all, the 
different features of the study populations. 
Technical difference arise from the equipment used to measure pressure 
(manometers, pressure gauges, pressure transducers, or as in the study 
reported in Section 3-2, a hand-held mouth pressure meter), the different 
mouthpieces employed and the presence or absence of a small air leak 
(Koulouris et al., 1988; h1oxham, 1990). 
As far as study populations are concerned, some likely causes of 
differences among values of hISRP may be the use of non-uniform 
screening procedures, ethnic differences and the motivation of the 
subjects. in addition, previous studies have generally incorporated 
relatively few elderly subjects, and the data are consequently weighted In 
favour of the younger individuals, %vWch represent a larger proportion of 
the group. Furthermore, subjects recruited to these studies come from a 
range of age cohorts and have consequently experienced differing 
environmental and social conditions throughout their lives ('cohort' 
effect). Consequently, only the more contemporary studies can provide 
any truely meaningful information regarding respiratory muscle strength 
in healthy, elderly people at this time. 
Previous studies have also incorporated smokers, ex-smokers and non. 
smokers. The exact influence of smoking upon respiratory muscle 
strength remains to be established but the results of the experiment 
reported in Section 3-2, and data obtained by others (Vink-en et al., 1987; 
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Druschi et al., 1992)) would seem to suggest that smoking does not 
adversely affect respiratory mouth pressures. Indeed acute smoking may 
even enhance expiratory muscle strength (Chen and Kuo, 1989). 
Ideally, Information regarding the influence of advancing age upon NIS1111 
would be derived from longitudinal data, such that the decline In 
respiratory muscle strength is monitored In the same subjects over a 
number of years. These studies are expensive, prolonged and difficult to 
administer. As a result, no studies have examined the longitudinal 
changes in respiratory muscle strength. However, the results of 
longitudinal studies for other indices of lung function have clearly 
demonstrated that cross-sectional analyses over-estimate both the rate of 
decline in function and its onset (Glindmeyer et al. 1982; Burrows et al., 
1986). Unfortunately, longitudinal studies still suffer from the problem of 
the *cohort effect'. 
The data from Section 3-2 are insufficient to Identify the mechanisms 
responsible for the decline in respiratory muscle strength with advancing 
age. However, there are t%vo,. age-related properties of skeletal muscle, 
which could affect respiratory muscle strength. Firstly, since the number 
of skeletal respiratory muscle fibres remains essentially constant 
throughout life (Tolep and Kelsen, 1993), age-related atrophy may affect 
the size and metabolic capacity of each fibre, wWch may turn adversely 
affect the force generating capacity of the muscles. Secondly, the 
neurological activation of the muscle may also decline. The relative 
importance of these two mechanisms, in determining respiratory muscle 
strength is unknown. Also, the loss of muscle function by these two 
mechanisms may also be a function of disuse, rather than of age per se. 
Moritani et al. (1980), have shown that increased muscle strength as a 
result of progressive strength training, could be primarily attributed to 
increases in maximal muscle activation (neural factors). This suggests that 
in elderly subjects, whilst muscle degeneration does take place, it Is the 
impaired neural activation of the muscle that plays a dominant role In 
determining strength. Thus, the increases in inspiratory muscle strength, 
as a result of inspiratory muscle training, reported in Sections 4-4 and 6-1, 
are unlikely to be as a consequence of muscle hypertrophy (particularly as 
they were observed after only four weeks of training). Instead, the 
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principle mechanism responsible for these observed improvements Is 
probably neural. 
In addition, the elastic recoil of the respiratory system (lungs and chest 
wall) will influence hISRP. In the elderly, as has been noted previously, 
there is a loss of lung recoil and an increase in lung compliance which 
would tend to decrease peak expiratory and inspiratory mouth pressures 
(PF. max and Pimax). Furthermore, changes which also occur In the 
thoracic wall, involving calcification and consequcnt stiffening of the rib 
cage, may affect h1SRP- 
Finally, the results from Section 3-2 showed that standard Indices of body 
dimension, normally used as independent predictors of NISI; U), were 
poorly correlated with NISRP in healthy, elderly subjects. Tfids suggested 
that some other factor(s) may be important in determining respiratory 
muscle performance in older men and women (see Section 7-3, below). 
7-3 T'he influence of physical activity on respiratory muscle strength 
In Section 3-2,, physical activity, as assessed using the Yale Physical Activity 
Survey (YPAS) questionnaire for older individuals, was found to correlate 
poorly with NISRP and predicted maximal oxygen uptake. Despite this, 
there is an obvious, and well documented, association between the 
amount of physical activity and skeletal muscle strength (Rantanen et al., 
1994). There would appear to be no reason why this should not also be the 
case for the respiratory muscles. The usefulness of the WAS 
questionnaire in assessing physical activity was therefore questioned. 
Retrospective quantification of physical activity is subject to poor memory 
and exaggeration and often reflects intention to exercise as opposed to 
actual exercise participation. In addition, the WAS questionnaire was 
designed to quantify physical activity in elderly people of all abilities. This 
may have made the questionnaire too insensitive to distinguish between 
different levels of physical activity for the highly motivated and physically 
active subjects who participated in the experiment in Section 3-2. It is 
perhaps inevitable that subjects who volunteer for such research projects 
are highly motivated and therefore it may be reasonably argued that they 
are not truly representative of the general elderly population. 
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An alternative method of quantifying physical activity was examined In 
Section 3-3. In this experiment, subjects used a diary record card 
(Appendix 3-3.2.2) to list their daily physical activities which they 
performed for a minimum of 20 minutes. The type and duration of each 
activity was recorded so that an average daily amount of energy expended 
perforn-dng sustained physical activities was obtained (kcals. d, l). 
The results of the experiment in Section 3-3 showed that there was a 
statistically significant correlation between tWs estimate of daily physical 
activity and MSRP in healthy, elderly men and women. However, it 
would seem important to select an appropriate method of quantifying 
physical activity in order to gain accurate estimations of the duration and 
intensity of each activity, and which Identifies those activities that are 
most likely to influence respiratory muscle strength; - i. e., moderate and 
sustained. 
Sustained and increased physical activity is associated with increased 
levels of ventilation. The more intense the physical activity, the greater 
the metabolic cost of performing the activity and therefore the greater 
levels of ventilation are necessary to meet that cost. This type of activity Is 
most likely to maintain the strength and performance of the respiratory 
muscles. Therefore, subjects who participate in regular sustained vigorous 
physical activity are more likely to have strong, fatigue resistant 
respiratory muscles than more sedentary individuals. Thus, it would 
appear that respiratory muscle strength in healthy, elderly subjects is 
dependent on levels of habitual physical activity. This 'confounding' 
influence of physical activity probably explains the poor correlations 
between MSRP and indices of body size in these individuals. It would be 
of interest therefore to examine this relationship in younger individuals. 
If healthy, elderly people can be encouraged to participate In physical 
activity, this may help to maintain skeletal and respiratory muscle 
function. Moderate levels of physical activity are also associated with a 
reduced risk of cardiovascular disease and increased feelings of "well- 
being" (Bokovoy and Blair, 1994). 
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74 The sensation of exertional breathlessness In healthy, elderly subjects 
The experiment in Section 4-4 was performed to determine the Influence 
of respiratory muscle training on both respiratory muscle strength and the 
sensation of exertional breathlessness In healthy, elderly men and women. 
This will be discussed later (Section 7-5). However, the results of the 
experiment in Section 44 highlighted some methodological problems 
associated with the assessment of exertional breathlessness in the elderly. 
During an Incremental exercise test on a cycle ergorneter, subjects were 
asked to rate their breathlessness every minute, using a visual analogue 
scale (VAS). The VAS was selected because it had previously been shown 
to provide reproducible ratings of breathlessness during exercise of this 
kind, both in normal subjects and patients with respiratory diseases (Stark 
et al. 1981 and 1982; Adams et al. 1985a and 1985b). However, the results of 
the experiment in Section 4-4 did not support this assumption; subjects 
rated either no breathlessness, or only a few ratings were obtained, despite 
the fact that subjects appeared to be short of breath to the investigator. 
These data may be interpreted in a number of ways; (1) healthy, elderly 
people do not experience exertional breathlessness; or (2) they have an 
altered perception of breathlessness, compared to younger subjects; or (3) 
the exercise tests itself failed to induce feelings of breathlessness; or (4) 
healthy, elderly subjects are unable to use the VAS to rate their 
breathlessness. 
Since subjects appeared to be breathless upon terminating the exercise, (1) 
can be excluded. However, it is possible that elderly subjects have an 
altered perception of breathlessness, compared to younger people(2). From 
the possible mechanisms of breathlessness, described in Section 1-2, it can 
be seen that the neurophysiology of the sensation of breathlessness, 
involves the stimulation of one or more receptors; as a consequence, 
afferent impulses travel to the central nervous system (CNS), where this 
"message" is integrated and processed within the CNS; an efferent 
impulse (outgoing motor command) is then directed to the respiratory 
system, especiaUy the muscles of respiration. Any attempt to understand 
breathlessness in the elderly therefore, must also consider the conscious 
perception that is interpreted in the context of lifelong previous 
experiences and learning. 
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There is some suggestion in the literature that elderly people have an 
altered perception of respiratory sensations, and this may Include 
breathlessness. To date however, no study has examined the Influence of 
age upon breathlessness directly. Tack et al. (1981,1982,1983) In a series of 
experiments, examined the effect of age upon respiratory sensations 
produced by resistive and elastic loads, and the sensation of respiratory 
force and displacement. In the first of their studies, Tack et al., (1981) 
compared the effects of graded elastic loads on respiratory sensations In 19 
healthy older subjects (mean±SD, 66.4 ± 4.1 years), with 21 healthy younger 
subjects (mean±SD, 24.2 ± 2.1 years). Subjects were asked to estimate size 
of the perceived elastic loads using the techrdque of magnitude 
estimation. In both groups Tack et al. (1981) obtained excellent linear 
relationships between the log of the numerical estimates and the log of the 
elastic loads. However, the mean value for the slopes of these lines was 
significantly less for the older subjects, than for the younger subjects, 
suggesting a reduced perceptual performance and hence sensitivity to 
elastic loads. 
Tack et al., (1982) obtained similar results for the magnitude estimation of 
resistive loads. Again, the slope of the log-log plot of the magnitude of 
applied load (stimulus intensity) and the subject's estimate of the load 
(sensation intensity) was significantly lower in the older (age > 60 years) 
group. in a subsequent study, Tack et al. (1983) demonstrated that the 
sensation of respiratory muscle force during static inspiratory manoeuvres 
was no different between young and old individuals. In the light of their 
findings, Tack et al. (1983) suggested that decreased perceptual sensitivity 
for ventilatory loads in older subjects might be as a result of a difference in 
integration by higher brain centres, rather than an alteration in the 
perception of muscle force. 
These small number of studies reflect a limited knowledge regarding 
respiratory sensations in the elderly. The available evidence, therefore, 
would seem to suggest that, in older people, there is some alteration in the 
central perception of respiratory sensations, and this may affect the 
perception breathlessness. In accordance with this theory, some subjects in 
the experiment in Section 4-4, rated no breathlessness. These subjects may 
exhibit reduced sensitivity to stimuli which cause breathlessness, or to the 
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central perception of breathlessness, despite exercise approaching the 
predicted maximal intensity. 
However, as stated earlier, the data from the experiment in Section -14 
could also be interpreted as suggesting that incremental exercise, on a cycle 
ergometer, does not induce exertional breathlessness in healthy, elderly 
subjects (3). Many subjects had not cycled for a number of years and so 
cycling represented an unfamiliar mode of exercise, but It would Seem 
unlikely that strenuous exercise of tWs kind induced na shortness of 
breath. What is more likely, is that the perception of musculoskeletal 
discomfort, caused by joint stiffness and/or the accumulation of 
metabolites within the quadricep muscles, predominated over the 
perception of respiratory sensations. These unfamiliar, peripheral, 
neuromuscular sensations may have caused the subject to terminate the 
exercise test before breathlessness became too troublesome. Alternatively, 
integration of "breathlessness stimuli" (at the central level) may Nave 
been affected by the presence of other peripheral sensations In the same 
way that exercise appears to attenuate pain. Furthermore, unpublished 
observations from this laboratory have confirmcd long-standing anecdotal 
evidence, that breathlessness is increased immediately after the cessation 
of maximal exercise; a point at which ventilation is falling and the 
perception of other peripheral, neuromuscular sensations is reduced. 
Thus, these sensations would appear to influence the perception of 
breathlessness. 
Finally, were subjects able to give accurate estimations of their 
breathlessness using the VAS (4) ? The current literature would suggest 
that both healthy, younger subjects and patients (some of them elderly) 
with respiratory diseases, aM capable of rating their breathlessness 
reproducibly using the VAS (Stark et al. 1981 and 1982; Adams et al. 1985a 
and 1985b). It has also been shown that elderly subjects are equally as able 
to assign numbers to line length as younger subjects. This indicates that 
the ability of older subjects to use numbers to estimate a visual stimulus, 
is not impaired (Zechman and Willey, 1986). Therefore there would 
appear to be no psychological or physiological reason why elderly subjects 
should not grasp the concept of visual analogue scaling. 
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Many investigators have been able to demonstrate a significant 
relationship between breathlessness and the prevailing level of 
ventilation (Stark et al. 1981 and 1982; Adams et al. 1985a and 1985b). In 
the experiments performed in Sections 4-4,5-2 and 5-3, healthy, elderly 
subjects felt confident that they could rate their breathlessness using the 
VAS. However, the results of these experiments showed poor correlations 
between breathlessness and ventilation. What may be apparent therefore, 
is that during cycle ergometry, elderly subjects do not relate their 
breathlessness to their prevailing level of ventilation. Healthy, younger 
subjects are more accustomed to the sensations associated with exercise. 
They are generally aware of the increase in ventilation that can be expected 
as a result of an exercise task, and the degree of breathlessness that this 
level of exertion will induce. Thus, they are able to perceive their 
breathlessness in light of this recent previous experience and within the 
context of what they understand to be an appropriate ventilatory response 
to the exercise. Elderly people are gencraUy much less accustomed to the 
sensations associated with exertion, including increased ventilation and 
breatWessness. Anecdotal evidence suggests that they will often avoid 
activities which they know will make them short of breath. This lack of 
recent exposure to the sensations associated with exertion, may mean that 
elderly people are much less likely to perceive breathlessness as a function 
of, or as a con5equence of, their prevailing level of ventilation. Thus it 
may be argued that caution should be used if reporting breatWessness In 
elderly people as a function of ventilation. 
This lack of recent experience of breathlessness may also result in elderly 
people exaggerating their breathlessness initially, which may account for 
the observed downward trend in the perception of breathlessness, seen 
with repeated testing, as subjects become more accustomed to the 
sensation (Section 5-2). 
in Section 5-2 and 5-3, breathlessness was reported as a mean Borg score or 
mean VAS score for the exercise protocol. Mean Borg and mean VAS 
scores have several advantages over reporting either the slope or the 
intercept of the ventilation/breathlessness relationship. For example, they 
do not rely upon a significant correlation between ventilation and 
breathlessness, which is not always present, even in healthy, younger 
subjects (Adams et al., 
1986). 711is means that biphasic, or curvilinear data 
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can be expressed equally well. Also, mean scores are not affected by the 
scatter in the data, or the number of zero (no breathlessness) points, 
because all points are include In the calculation, and contribute equally to, 
the final mean breathlessness score. 
In 1988, Stark described the potential pattern of drug effects upon 
breathlessness. These are illustrated in Fig 7-4a and Fig 7-4b. He suggested 
that both breathlessness and ventilation could decrease (Type 1), so that the 
gradient of the ventilation/breathlessness relationship dcws not alter, 
alternatively ventilation could remain unchanged whilst breathlessness 
alone decreased (Type 11). There is also a third way in wh. 1ch this 
relationship could change; breathlessness could remain unchanged but at 
a higher relative ventilation (Type 111)(Fig 7-4c). 
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Fig 74b: The potential pattern of drug c(fect on breathlessness 
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For Type I changes, both the Intercept and tile slope of the 
ventilation /breathlessness relationship remain the same. For Type 11 
changes, the intercept remains unchanged, whilst the slope of the 
relationship is reduced. Finally, for Type III changes, the slope remains 
unchanged, whilst the intercept Is reduced. Thus, If one utillses only one 
index of the relationship (i. e., either the slope or the Intercept) there Is tile 
potential to overlook a change in the relationship. However, withall 
these theoretical changes in the perception of breathlessness, as za result of 
clinical or pharmacological intervention, mean breathlessness score Is 
The use of mean breathlessness scores Was validated In the experiment 
reported in Section 5-2, by examiniing the reproducibility of this index of 
breathlessness over a four week interval. Mean breathlessness scores 
obtained using the VAS and the modified Borg scale were investigated. 
The results suggested that the modified Borg scale gave more reproducible 
ratings of exertional breathlessness in healthy, elderly subjects during cycle 
ergometrY. 
However, the results of the experiment performed in section 5-3 suggest 
that exercise on a treadn-dll leads to more reproducible ratings of 
breathlessness. This may be because walking is a more familiar exercise 
for elderly people, so they are likely to have more recent experience of the 
sensory consequences of this mode of exercise. Thus, they may be more 
able to distinguish respiratory sensations, such as breathlessness and 
increased ventilation, from the other sensory experiences associated with 
brisk walking. This may have explained why the elderly subjects in the 
experiment in Section 5-3 provided ratings of breathlessness, using both 
the vAS and the modified Borg scale, which showed generally better 
correlations with ventilation (though this was not universal). Also, mean 
breathlessness scores using bDih scales demonstrated reproducibility, at 
weekly intervals, for up to four weeks. Thds would appear to suggest that 
both the VAS and modified Borg scale are appropriate for rating 
breathlessness during treadmill exercise in this group. 
Subjectively, however, the elderly people who participated in the 
experiment in Section 5-3, expressed a preference for the Modified Borg 
scale. This was largely attributed to the numerical and verbal descriptors 
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which aided their selection of an appropriate response. Also, using tile 
modified Borg scale required the subject to simply pre I -ss the button, 
adjacent to the verbal descriptor, they felt most accurately represented 
their subjective feeling of breathlessness. This was easier for tile elderly 
subjects to accomplish than the more Intricate operation of the VAS, 
which required the subject to move a sliding potentiometer, sometimes 
only very slightly. This often required the subjects to remove their 
dominant hand from the safety rail for a prolonged period. Removing the 
hand(s) from the safety rail often caused anxiety (from a fear of stumbling) 
and may have caused the subjects to "rush" their VAS ratings. 
In summary, healthy, elderly people may have an altered perception of 
breathlessness and, unlike younger subjects, may not perceive their 
breathlessness in relationship to their prevailing level of ventilation. 
This is particularly true for cycle ergometry. Breathlessness, like other 
sensory sensations is perceived in the light of previous experience, and 
elderly people generally have less, recent, previous experience of exertion 
upon which to base their perception of breathlessness. Elderly subjects 
would appear to be more able to distinguish breathlessness from other 
sensory sensations during treadmill exercise. Because breathlessness did 
not correlate well with ventilation, the use of mean breathlessness scores 
may represent a more reliable index of exertional breathlessness, than 
either the slope or the intercept of the breathlessness/ventilation 
relationship, in healthy, elderly subjects. 
7.5 Inspiratory muscle training 
The most commonly used techniques for training the respiratory muscles 
are inspiratory resistive or threshold loading, or isocapnic 
hyperventilation. The response to these specific training techniques 
appears to depend on the intensity of the training (i. e., the level of load or 
ventilation), the pattern of breathing employed, and the frequency and 
duration of the training program. For example, Belman and Shadmehr 
(1988) have suggested that breathing strategy is an important determinant 
of the training effect following resistive breathing training. Changes In 
breathing strategy can result in spurious improvements in breathing 
endurance but more importantly, by reducing the load on the respiratory 
muscles, the intensity of the training stimulus is decreased and may even 
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fall below the threshold necessary to Induce a training effect (IMman et M., 
1986). 
In the experiment in Section 4-2, two of the respiratory muscle training 
devices currently commercially available were examined: an Inspiratory 
resistive training device (VitapepTNI); and a threshold loading device 
(ThresholdTNI). The results showed that neither of these inspiratory 
muscle training devices (INITDs) were capable of providing a constant 
training level (intensity) irrespective of breathing strategy. Consequently 
an inspiratory muscle training device was developed (reported In Section 
4-3) that improved upon the design of the VitapepTM and ThresholdTM 
INffDs, and provided a training load that was less affected by breathing 
strategy than either of the commercially available devices. 
The Loughborough INITD (developed and reported in Section 4-3), was 
shown to be as effective in training the inspiratory muscles of healthy, 
elderly subjects, as the Vitapep IMTD (Section 4-4). Mean percentage 
increases in inspiratory muscle strength were approximately 26% for both 
devices. However, the results for the Vitapep INITD may have benefited 
from a highly motivated study group who did not alter their breathing 
strategy during the training. Also, the use of the Vitapep IMM was 
limited by the range of settings that could be tolerated. Subjects found it 
very difficult and extremely unpleasant to use the higher settings. Control 
subjects also showed improvements in inspiratory muscle strength (of the 
order of 13%) which can be attributed to task learning effects, Improved 
neural activation of the respiratory muscles, and other "placebo" effects. 
The training itself was well tolerated and compliance with the protocol 
appeared to be exceHent 
The findings of the first training study were confirmed by the results of the 
second inspiratory muscle trairuing study performed (Section 6-1). Once 
again, inspiratory muscle strength was increased; this time by 
approximately 21% in subjects who used a 'real' Loughborough INITD, 
compared to an average of just 3% observed in "placebo" subjects. The 
reason for the reduced increase in the "placebo" group, compared to tile 
initial study, was probably attributable to the experience of these subjects 
who had performed the assessment of hISRP on many previous occasions. 
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As a result, the influence of task learning and Improved muscle activation 
was minimiscd. 
These is some evidence in the literature to support thcse findings; Reid 
and Warren (1984), and Belman and Gaesser (1988), have also shown that 
the strength and endurance of respiratory skeletal muscles can be 
increased through training in elderly subjects. However, most previous 
attempts to train the respiratory muscles in the elderly have focused on 
patients with chronic obstructive pulmonary disease (CO1113)(Pardy et at., 
1981; Larson et al., 1988; Belman and Shadmehr, 1988). Consequently, 
there is little data currently available regarding inspiratory muscle training 
in healthy, elderly people. Attempts have been made to train the 
respiratory muscles in subjects with COPD In the hope of Increasing 
respiratory muscle strength and endurance and exercise capacity and 
diminishing the sense of breathlessness (Levine at al., 1986; Harver et al. * 
1989). The contribution of weakened respiratory muscles in the genesis of 
breathlessness can therefore be established by attempting to reverse any 
apparent insufficiency (see Section 7-6). 
7.6 The influence of inspiratory muscle training upon the sensation of 
exertional breathlessness in healthy, elderly men and women. 
The data from these studies supports the hypothesis that inspiratory 
muscle weakness is a contributory factor in the breathlessness experienced 
upon exertion by healthy, elderly men and women. Reversing this 
apparent weakness, results in a statistically significant reduction in the 
breathlessness induced by treadmill exercise. However, it must be 
acknowledged that this reduction in breathlessness observed in 'trained' 
subjects was not significant over the reduction seen in 'placebo' subjects. 
According to Killian (1990), the increased strength and performance of the 
inspiratory muscles ameliorates the sensation of breathlessness by 
reducing the inappropriateness of the central respiratory drive, necessary 
to aci-deve desired ventilation during exercise. Since there is no direct 
means by which the magnitude of the outgoing motor command to the 
respiratory muscle can be determined, evidence for this hypothesis is 
indirect and circumstantial. 
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Using the technique of open magnitude estimation to quantify sensations, 
previous studies of both limb muscle and respiratory muscle force have 
shown that subjects can distinguish and scale separately the effort 
expended, and the tension generated, during muscle contractions (Allose 
et al., 1985; Gandevia, 1988). Furthermore, in their judgement of force, 
subjects rely more on the motor command (or effort) required to generate 
the force than the on theabsolute force achieved (McCloskey et al., 1974; 
Gandcvia et al., 1981). Inhibition of the inspiratory motorneurones, has 
been shown to be associated with a subjective sensation of difficulty in 
breathing and breathlessness. Under these circumstances a greater Central 
command than expected (or than required for a specific afferent Input) is 
used to achieve a particular inspiratory volume (Homma et al., 1984). 
Therefore, the sensory consequence of the reduction in respiratory muscle 
strength, caused by the ageing process and reduced physical activity, is the 
requirement for an increased respiratory drive. Killian (1990) argued that 
this greater-than-expected drive to breathe is not perceived at rest. 
14owcver, on exertion, as the metabolic demands of exercise increase, the 
respiratory control mechanisms increase the motor output to the 
inspiratory muscles. Tension is generated in the respiratory muscles 
depending on the intensity of motor output. Tension is converted into 
transpulmonary pressure, depending on the mechanical leverage of the 
specific muscles stimulated and the simultaneous activity in other 
respiratory muscles. Transpulmonary pressure swings result in 
ventilation, which is adjusted to meet metabolic demands. When the 
respiratory muscles are weak, an abnormal quantitative relationship 
develops between the respiratory effort required to generate a given 
ventilation and the displacement (volume) achieved. Inappropriateness 
between these dimensions is readily detected and contributes to respiratory 
sensation (Gandevia, 1988). It has been suggested that this sensation 
begins as an awareness of breathing, then, as exercise intensity increases, 
the sensation is perceived as discomfort and ultimately breathlessness 
(Killian and Campbell, 1983; Killian, 1990). 
A weak association exists between breathlessness and inspiratory muscle 
strength because the strength of the inspiratory muscles is not the only 
factor involved in the genesis of exertional breathlessness. In healthy, 
elderly subjects other factors that might be expected to affect the perception 
of breathlessness include decreased compliance of the respiratory 
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apparatus, an increased resistance to breathing, a reduction in flic 
mechanical efficiency of limb and thoracic movements, and hence an 
increased metabolic demand for oxygen, as well as a reduction in the 
efficiency of gas exchange and altered chemosensitivity (see Sections 1-3,1- 
4 and 3-1). 
The data from the experiments contained within ti-ds thesis suggests that 
inspiratory muscle training is a promising technique for ameliorating 
breathlessness experienced by healthy, elderly men and women during 
exertion. There is also a great deal of subjective data to support this 
hypothesis; subjects %vho used the training device for 30 minutes per day, 
for six weeks, felt significantly less breathless performing the same 
activities, than they had done prior to the training. In addition, using the 
Loughborough IMTD was associated with an increased perception of "weil 
being" and subsequent improvements in the quality of life of elderly 
people. Subjects who used the training device generally felt better about 
their ability to perform their daily routine, their breathing in general, as 
%veil as feeling less breathless when performing activities which 
previously (i. e., prior to training) had made them breathless. Almost all 
(87.5%) of the subjects who used the real training device felt personal 
benefit from the training, as opposed to less than 45% of 'placebo" 
subjects. 
These finding represents an improvement in the possible treatment 
strategies for breathlessness. Pharmacological intervention has proved to 
be of limited benefit (Stark, 1988). However, the inspiratory muscle 
training device, may provide a cost-effective, easy to use, and non- 
invasive, treatment strategy. A major advantage of the training device, is 
that subjects can use the device in their own home, as opposed to having 
to attend a laboratory, or undergo treatment at a clinic. 
Furthermore, since respiratory muscle strength is known to be influenced 
by levels of habitual daily activity (Section 3-4), inspiratory muscle 
training, using the Loughborough MrM, may encourage elderly people to 
participate in more physical activity. This should also have a positive 
effect on their respiratory muscle strength, and hopefully ameliorate 
exertional breathlessness, removing the necessity for treatment altogether. 
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7.7 Summary of findings 
1. The maximum (or mirdmum) mouth pressure averaged over a one 
second period, measured using a hand-held mouth pressure meter 
(Precision Medical Ltd), represents a reliable and reproducible Index of 
respiratory muscle function in healthy, elderly subjects. 
2. There is a large variation in the so called 'normal' values for 
respiratory muscle strength reported in the literature; the reaSons for this 
are discussed. A contemporary set of prediction equations and norm.. %I 
values was derived to enable the accurate estimations of respiratory 
muscle strength in healthy, elderly subjects. 
3. The respiratory muscle function of healthy, elderly people declines with 
advancing age. However, the strength of the respiratory muscles does not 
correlate significantly with indices of body size, but is Influenced strongly 
by customary levels of physical activity. 
4. For elderly subjects, poor correlations exist between exertional 
breathlessness and the prevailing level of ventilation. The use of mean 
breathlessness scores has been suggested as an alternative index of 
breathlessness. The use of this parameter has been validated by examining 
its reproducibility during both cycle and treadmfll exercise. During cycle 
ergometry, the modified Borg scale provides more reproducible ratings of 
breathlessness than the visual analogue scale. However, cycling is an 
unfamiliar mode of exercise and caused musculoskeletal discomfort. This 
may have affected the way in which breathlessness was perceived. 
Consequently a treadmill walking protocol was developed, wl-dch induces 
breathlessness safely, and during which elderly people rate their 
breathlessness reproducibly using both the VAS and modified Borg scale. 
in general, elderly subjects preferred using the modified Borg scale. 
8. Respiratory muscle training, using an inspiratory muscle training 
device, increased the inspiratory muscle strength of healthy, elderly men 
and women by approximately 21%. The improvement in inspiratory 
muscle strength, following training, was inversely related to the pre- 
training inspiratory muscle strength 
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9. There is evidence to support the hypothesis that inspiratory muscle 
training ameliorates the sensation of exertional breathlessness during 
treadmill exercise in healthy, elderly subjects with relatively weak 
respiratory muscles. Furthermore, it is associated with improvements In 
elderly peoples' perception of their breathing, their ability to perform daily 
routine activities and their "well-being". Together, these, results suggest 
that inspiratory muscle training may improve the quality of life of 
healthy, elderly people with relatively weak respiratory muscles. 
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CHAPTEREIGHT 
PROPOSED FUTURE WORK 
8.1. Longitudinal changes In respiratory muscle function 
A relatively large number of healthy, elderly people participated In the 
study which aimed to characterise the respiratory muscle function within 
this population. To date, relatively little is know about the longitudinal 
changes in respiratory muscle strength. It would be of great benefit, 
therefore, to repeat these assessments at regular intervals, in order to gain 
some idea of the longitudinal changes in these parameters. 
8.2. The clinical usefulness of Inspiratory muscle training 
Many of the subjects recruited to these experiments were active, healthy, 
elderly people. Almost all subjects denied breathlessness was a hindrance 
to their daily routine. This may be because elderly people have come to 
accept breathlessness as a "natural consequence" of ageing and modify 
their activity accordingly. As a result, elderly people may not present 
themselves at their local health centrc complaining of breathlessness until 
it restricts their mobility severely or adversely effects their quality of life. 
This reluctance to seek medical advice may belie the true number of 
apparently healthy elderly people, who experience undue breathlessness 
upon exertion. 
Despite this limitation, future work is necessary to establish the clinical 
usefulness of inspiratory muscle training as a means to ameliorate 
exertional breathlessness in the elderly. This would be achieved by 
performing a training study, similar to the one described in Section 6-1, 
with patients who, despite having no underlying card io respiratory 
complaint, suffered from breathlessness upon exertion and had 
consequently consulted their General Practitioner. 
Useful information would also be obtained by recruiting elderly subjects 
from a local surgery, whether they had presented themselves at the clinic 
as a result of breathlessness or not. These subjects would be a more 
representative sample of the general elderly population than the relatively 
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physically active subjects, who participated In the experiments contained 
within this thesis. It is anticipated that inspiratory muscle training In 
more sedentary elderly people would bring about more significant 
improvements in respiratory muscle strength and reduction in exertional 
breathlessness. 
8-3. The effect of different Inspiratory muscle training Intensities and tile 
possibility of maintenance training 
Previous investigators have employed a range of training Intensities and 
durations (Pardy and Rochester, 1992). Therefore, as weil as establishing 
the clinical usefulness of inspiratory muscle training, work Is needed in 
order to identify the most appropriate training regimen. For example, in 
the experiments in Section 4-4 and 6-1, subjects were instructed to train for 
10 minutes, 3 times per day. However, it may be possible to obtain the 
beneficial effects of inspiratory muscle training with 2x 15 minute sessions 
per day. 
it would also be of considerable interest to establish how long the 
beneficial effects of inspiratory muscle training persist. rollowing this, the 
next logical step would be to examine whether it is possible to perform 
maintenance training (e. g. by training on 4 days out of 7) in order to 
sustain these beneficial effects and prevent the onset of do-training. 
8-4. Respiratory muscle endurance and exercise capacity 
it has been suggested that if an improvement in exercise capacity is the 
desired outcome from respiratory training, it is more logical to use 
voluntary isocapnic hyperventilation than strength training regimens, 
because this more closely mimics the ventilatory demands of exercise 
(Pardy et A 1990). However, the training protocol used in the experiments 
in Section 4-4 and 6-1 was designed to influence both the strength and 
endurance of the inspiratory muscles. Therefore, it would be of interest, to 
examine some index of respiratory muscle endurance in a group of elderly 
subjects, to determine the extent to which the endurance of the respiratory 
muscles was altered by inspiratory muscle training. 
236 
Furthermore, the results of the experiment reported in Section 6.1, 
provided some evidence that threshold loading of the, Inspiratory muscles 
may improve whole body endurance time. Further work is needed to 
establish the effects of inspiratory muscle training upon the exercise 
tolerance of healthy, elderly men and women. 
B. S. Mechanical constraints to exercise ventilation and the Influence of 
Inspiratory muscle training 
Johnson et al. (1991) have suggested that there are substantial mechanical 
limits to expiratory flow and inspiratory pressure development in fit, 
elderly people during heavy exercise. It would therefore be Interesting to 
determine how close the elderly subjects who participated in the 
experiments contained within this thesis, came to an airflow limitation 
during exercise. This would be investigated by measuring maximum 
flo%v-volume loops (NIFVL) at rest and super-imposing the exercise tidal 
flo%v-volume loops on to the maximal loops. Flow limitation could then 
be determined by estimating the percent of the volume from the exercise 
tidal F-V loop that met the boundary of the expiratory MFVL 
in addition, this same technique can be applied to determine whether, 
during exercise, the pressure generating capacity of the inspiratory and 
expiratory muscles becomes a lin-dting factor. This would be achieved by 
measuring intrathoracic pressure changes during exercise tidal breathing, 
and during MFVL, using an oesophageal balloon, and comparing these 
values with the maximum pressure generating capacity of the muscles at 
different flow rates. Inspiratory muscle training is known to increase the 
static pressure generating pressure of the respiratory muscles, but it would 
be interesting to determine what effect this kind of training had on these 
intrathoracic pressure changes during exercise. 
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ArPENDIX 2-12a 
SCREENING QUESTIONNAIRE USED FOR POTENTIAL RECRUITS TO 
THE VOLUNTEER PANEL 
257 
Sublect Number 
ail, 
Protocol 
Patient History 
Previous Respiratory Disorders 
Have you suffered any previous respiratory disorder ? 
If yes, what 
Yes No 
Previous Cardiovascular Disorders 
Yes No 
Have you suffered any previous cardiovascular 
disorder ? 
If Yes, what ? 
Previous Hospitalisations 
Yes No 
Have you been hospitalised in th last two years 
for ANY reason ? 
If yes, what ? 
25ý, 
Patient History 
Previous Musculoskeletal disorders 
Yes No 
Have you ever suffered any musculoskeletal 
disorder (eg. arthritis, replacement knee) ?L 
If yes, what 7 
Concurrent Medication 
Yes No 
Are you currently taking any regular medication ? 
E. 
"I 
1-1 
if yes, 
15") 
Subject Number Protocol 
.......... ..................... ...... 
4AS11.1Aaý- 
I INN 
Patient History 
Smoking Hostory 
Non- Ex- Present 
Smoker Smoker Smoker 
Do you, or have you ever smoked ? 
if Ex-smoker, how many years is it since 
you discontinued smoking ? 
Present and Ex-smokers, do/did you smoke: 
Cigarettes Cigars Pipe 
F7 
Present and Ex-smokers, how much tobacco 
do/did you smoke per day ? 
ACtivity Level 
Compared with other people of your age, how would you rate your 
activity level ? 
Very physically active Not very physically active 
F- 7 
Fairly physically active Not at all physically active 
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THE YALE PHYSICAL ACTIVITY SURVEY FOR OLDER ADULTS 
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Subject No: 
THE YALE rHYSICAL ACnVITY SURVEY FOR OLDER ADULTS 
INTERVIEWER: (Please hand the subject the list Of activities whdle reading this statement). 
Here is a list of common types of physical activities. Please tell me which of them you did 
during a typical week in the last month. Our interest is learning about the types of 
physical activities that are a part of your regular work and leisure routines. 
For each activity you do, please tell me how much time (hours) you spent doing tws 
activity during a typical week. 
work (Hand subject card la) 
(Record In mins) Intensity 
Time Code* 
(Hrs/%Vk) (kcal/min) 
Shopping (e. g. grocery, clothes) 
Stair climbing while carrying a load 
Laundry (time loading, unloading, hanging, folding only) 
Light housework: tidying, dusting, sweeping; emptying 
waste bins in home; polishing; indoor gardening; ironing 
Heavy housework: vacuuming, mopping; scrubbing 
floors and walls; moving furniture, boxes, or dustbins 
Food preparation (10+ mins in duration): chopping, 
stiffing; moving about to get food items, pans 
iFood service (10+ mins in duration): setting table; 
carrying food; serving food 
Dish washing (10+ mins in duration): clearing table 
washing/drying dishes, putting dishes away 
Light home repair: small appliance repair; light home 
maintenance/repair 
Heavy home repair: painting, carpentry, 
washing/polishing car 
Other 
Taylor et al., 1978 or McArdle et al.. 1981 
determined by the specified activity 
3.5 
8.5 
3.0 
3.0 
4.5 
2.5 
2.5 
2.5 
3.0 
5.5 
____ ____+ 
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Outdoor Work (card 1b) 
Gardening: planting, weeding, digging, hoeing 
Lawn mowing (walking only) 
Clearing paths /driveway: Sweeping, shovelling raking 
Other: 
Care Work (card 1c) 
Older and disabled person (lifting, pushing wheelchair) 
Childcare (lifting, carrying, pushing stroller/pram) 
Exercise (card 1d) 
Brisk walking (10+ mins in duration) 
Pool exercises, stretching, yoga 
Vigorous calisthenics, aerobics 
Cycling, exercycle 
SWimming (laps only) 
Other. 
Recreational Activities (card le) 
Leisurely walking (10+ mins in duration) 
Needlework: knitting, sewing, needlepoint, etc. 
Dancing (mod/fast): folk, ballroom, tap, square, etc. 
Bowling 
Golf (walking to each hole only) 
Racquet sports: tennis, squash 
Bilhards/snooker/pool 
Othen 
4.5 
4.5 
5.0 
+ 
5.5 
4.0 
6. o 
3.0 
6.0 
6.0 
6.0 
+ 
3.5 
1.5 
55 
3.0 
5.0 
7.0 
2.5 
+ 
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LNTERVIEWER. - (please read to subject). I would now like to ask you about certain types 
of activities that you have done during the past month. I will ask you about how much 
%igorous, activity, leisurely walking, sitting, standing, and some other things that you 
usually do. 
About how many times during the month did you participate in vigorous activities that 
lasted at least 10 minutes and caused large increases in breathing, heart rate, or leg 
fatigue or caused you to perspire? (Hand subject card 42). 
SCORE 0 
1 
2 
3 
4 
7 
8 
= Not at all (go to Q3) 
= 1-3 times per month 
= 1-2 times per week 
= 3-4 times per week 
= 5+ times per week 
= Refused 
= Don't know FREQUENCY SCORE = 
2. About how long do you do this vigorous activity(iesyeach time? (Hand subject card 
#3). 
SCORE 0= Not applicable 
10-30 nUnutes 
2 = 31-60 Minutes 
3 = 60+ minutes 
7 = Refused 
8 = Don't know DURAIION SCORE = 
WEIGHT =5 
VIGOROUS ACTIVITY INDEX SCORE: 
IFREQ SCORE -X 
DUR SCORE X WEIGHT 
(Responses of 7 or 8 are scored as missing) 
'I"hink about the walks you have taken during the past month. About how many times 
per month did you walk for at least 10 minutes or more without stopping whiýh was 
not strenuous enough to cause large increases in breathing, heart rate, or leg fatigue or 
cause you to perspire? (Hand subject card #2). 
SCORE: 0 
1 
2 
3 
4 
7 
8 
= Not at all (go to Q5) 
= 1-3 times per month 
= 1-2 times per week 
= 3-4 times per week 
= 5+ times per week 
= Refused 
= Don't know FREQUENCY SCORE = 
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When you did this walking, for ho%v many minutes did you do It? (Hand subject 
card #3). 
SCORE 0= Not applicable 
1= 10-30 minutes 
2= 31-60 minutes 
3= 60+ minutes 
7= Refused 
8= Don't know DURAMN SCORE = 
IVEIGHT =4 
LEISURELY WALKING INDEX SCORE: 
FREQ SCORE -X 
DUR SCORE X WEIGHT 
(Responses of 7 or 8 are scored as missing) 
About how many hours a day do you spend moving around on your feet while doing 
things? Please report only the time that you are actually moving. (Hand subject 
card #4). 
SCORE 0 = Not at all 
1 = less than 1 hr per day 
2 =1 to less than 3 hrs per day 
3 =3 to less than 5 hrs per day 
4 5 to less than 7 hrs per day 
5 7+ hrs per day 
7 Refused 
8 Don't know MOVING SCORE = 
IVEIGHT =3 
hj0VING INDEX SCORE 
MOVING SCORE x WEIGHT 
(Responses of 7 or 8 are scored as missing) 
6. TWnk about how much time you spent standing or moving around on your feet on an 
average day during the past month. About how man. v hours per day do you stand? 
(Hand subject card #4). 
SCORE 0 
1 
2 
3 
4 
5 
7 
8 
= Not at all 
= less than I hr per day 
=1 to less than 3 hrs per day 
=3 to less than 5 hrs per day 
=5 to less than 7 hrs per day 
= 7+ hrs per day 
= Refused 
= Don't know STANDING SCORE 
IVEIGHT = 
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STANDING INDEX SCORE 
STANDING SCORE 
-x 
WEIGHT 
(Responses of 7 or 8 are scored as missing) 
7. About how many hours did you spend sitting on an average day during the past 
month? (Hand subject card #5). 
SCORE 0= Not at all 
1= less than 3 hrs 
2=3 hours to less than 6 hrs 
3=6 hours to less than 8 hrs 
4= 8+ hrs 
7= Refused 
8= Don't know SITTING SCORE 
WEIGHT 
SrMNG INDEX SCORE 
SITTING SCORE x WEIGHT 
(Responses of 7 or 8 are scored as missing) 
8. About how many flights of stairs do you climb up each day? Od 10 steps =I flight). 
Please compare the amount of physical activity that you do during other seasons of the 
year with the amount of activity you just reported for a typical week in the past month. for example, in the summer, do you do more or less activity than what you reported doing in the past month? 
(iNTERVIEWER. PLEASE CIRCLE THE APPROPRIATE SCORE FOR EACH 
SEASON). 
Lot Little 
More More Same 
Little Lot 
Less Less 
Spring 1.30 1.15 1.00 0.85 0.70 
Summer 1.30 1.15 1.00 0.85 0.70 
Autumn 1.30 1.15 1.00 0.85 0.70 
Winter 1.30 1.15 1.00 0.85 0.70 
SEASONAL ADJUSTMENT SCORE = SUM OVER ALL SEASONS /4 
Don't know 
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APPENDIX 4-3.1.1 
A COPY OF THE UK PATENT APPLICATION FOR THE 
LOUGHBOROUGH INSPIRATORY MUSCLE TRAINING DEVICE 
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UK Patent Application , ý, GB fii)2278545 (13, 
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(43) Date OIA Publication 07. ILIO94 
(21) Appli=Ion No 9308285.7 
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SK4 ISS, United lOngdom 
LS4) Inspiratory muscle training device 
131) INTCLI 
AS30 23118 
(32) UKCL(EdhionM) 
ASK KO 
ISS) Documents Cked 
WO 89109023 Al US 4854S74 A US 4533137 A 
(58) Fiefdo(Semn 
UK CL (Edhion MI ASK K2 M K4. AST TAX T13C TrX 
INTCL$ A01139108?. AG31322/la 
ONUNE DATABASC. WPI 
C57) The device comprises a branched tube arrangement 11 with mouthoiece 12. spring-loaded Inlet valve 13 
and one-way exhaust valve 14 on separate branches. Loading of the Inlet valve may be adjusted by rotation of 
a Meeve 16 an the inlet branch 13a. A measuring arrangement may be provided for connection to means for 
controlling a training procedure. 
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Text cut off in original 
-1- 
INSPIRATORY MUSCLE TRAINING DEVICE 
This invention relates to inspiratory munclo 
training devices. 
US Patent No. 41854f574 dincloses an inspiratory 
muscle training device comprising a tube arrangement 
having at one end a mouthpiece and at the other and a 
combined spring-loaded inlet poppet valve and one-way 
exhaust valve. The spring loading can be adjusted to 
demand different degrees of inspiratory effort. 
This a=angement is expensive to -.. "nuf acture and 
dif f iculties in use have been reported. In this regard 
it needs to be borne in mind that the device is 
prescribed f or elderly patients who have inspiratory 
problems, and who may allow difa.: iculty in use to curtail 
the use, losing benefit that might otherwise be gained 
therefrom. 
The present invention provides an improved 
device which is less expensive to manufacture yet 
substantially easier to use. 
The invention comprises an inspiratory musclo 
training device comprising a branched tuba arrangement 
with mouthpiece, spring-loaded inlet valve and one-way 
exhaust valve on separate branches. 
273 
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The tube arrangement may compriso a T-piccor tho 
mouthpiece and exhaust valve being in lino an tho T- 
crosspiece. 
one branch of the arrangement may sarve as a 
handle - 
The loading of the inlet valve may be adjustable 
by rotating a sleeve on the inlet valve branch. The 
inlet valve may comprise a spring loaded poppet sealing 
against an end aperture on the sleeve which is threaded 
on a spigot on which the spring abuts. 
The device may comprise a measuring arrangementt 
which may be connected to a control arrangement, to 
measure and/or control a training procedure. 
One embodiment of an inspiratory muscle training 
device according to the invention will now be described 
with reference to the accompanying drawings, in which :- 
Figure I is a diagrammatic illustration o! the 
device; 
and Figure 2 is a part-sectional elevation of the 
device. 
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The inspiratory muscle training device 
illustrated in the drawings ccmprisos a branched tube 
arrangement 11 with mouthpiece 12, spring-loadad inlat 
valve 13 and one-way exhaust valve 14 an caparato 
branches 12a, 13a, 14a. 
The tube arrangement 11 comprises a T-pioca 1S. 
the mouthpiece 12 and exhaust valve 14 boing in line on 
the T-crosspiece 15a. 
The branch 13a of the tube arrangement 11 serves 
as a handle. 
The loading of the inlet valve 13 is adjustable 
by rotating a sleeve 16 on the inlet valve branch 13a. 
The inlet valve 13 comprises a spring loaded poppet 17 
sealing against an end aperture 18 an the sleeve 16 
which is threaded on a spigot 19 an the T-piece 15. The 
spring 21 abuts on the spigot 19. 
The end aperture 18 has a valve seat surface 18a 
against which an O-ring 17a of the poppet 17 seals, a 
spigot l7b of the poppet 17 being slidable lengthways in 
a hub 18b of the end aperture 18. Reduction in pressure 
in the device due to inspiration through the mouthpiece 
12 lifts the poppet 17 off the seat 18a and admits air 
which flows to the mouthpiece via slots 17c in the 
276 
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poppet 17. The spring 21 has a rate of about 0.1 kg/= 
and the thread has a3 mm pitch so that ona f ull turn 
changes the threshold " lif t-of f" pressure drop by about 
5 cm water gauge, from an initial setting of 10 cm. wator 
gauge . 
The device is easily fabricated from plastics 
and/or metal components, and is simple and inexpensive 
to manufacture. 
The adjustment of the device is precise and 
straightforward and can be carried out even by patients 
with impaired dexter-tiv, .11 
Training procedures can involve a tidal 
breathing routine for e. g. 10 minutes, repeated, say, 
three times daily. The device can 4.. ncor-rorate a simple 
timer that gives an audible or visual signal after a 
preset time interval or which locks open either the 
inlet or the exhaust valve so that overexercise is ruled 
out. A counter can be substituted for the timer to 
count down from a preset number of breathing cycles. 
Xore sophisticated measuring and contxol arrangements 
might provide for a training routine that begins at a 
first threshold pressure, then advances to a second such 
and back to the first, for instance. 
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The device may be prescribed, as mentioned, for 
patients with respiratory problems, or as a prophylactic, 
or for athletic development. 
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CLAIMS, 
1. An inspiratory muscle training device comprising 
a branched tube arrangement with mouthpiece, spring- 
loaded inlet valve and one-way exhaust valve on separate 
branches. 
A device according to claim 1, the tube 
a=angement comprising a T-piece, the mouthpiece and 
exhaust valve being in line on the T crosspiece. 
3. A device according to claim 1 or claim 2, one 
branch of the tube arrangement serving as a handle. 
A device according to any one of clai=s 1 to 3, 
in which the loading of the inlet valve is adjustable by 
rotating a sleeve an the inlet valve branch. 
S. A device according to claim 4. in which the 
inlet valve comprises a spring loaded poppet sealing 
against an end aperture on the sleeve which is threaded 
an a spigot on which the spring abuts. 
6. A device according to any one of claims 1 to Sp 
comprising a measuring arrangement. 
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APPENDIX 44.2.6a 
HEALTH PERCEPTION VISUAL ANALOGUE SCALES USED IN THE 
EXPERIMENTS REPORTED IN SECTIONS 4-4 AND 6-1 
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APPENDIX 4-4.16b 
POST-TRAINING HEALTH PERCEPTION QUESTIONS USED IN THE , 
EXPERIMENT REPORTED IN SECTION 4-4 
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With respect to the training program Which you have no%%, completed, 
how do you feel about your ability to do nor'mal, routine activities ? 
more able less able ability is about the sanL, 
Now you have completed the training program, are you 
more likely less likely as likely as ever 
to take up a ne%v activity or regular exercise ? 
Would you say that the training program has been of personal benefit to you ? 
Yes No Unsure 
if YES, specify in what way you feel you have benefitted from the 
training program. 
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Appendix 44.3.2: Individual results for breathlessness WAS: mm) against 
ventilation (I. min-1) pre- and post-training for the experiment reported in 
Section 44. 
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Appendix 44.3.2 (cont. ): Individual results for breadOessness, (VAS; mm) 
against ventilation (I. min't) pre- and post-training for the experiment 
reported in Section 44. 
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Appendix 44.3.2 (cont. ): Individual results for breatWessness (VAS; mm) 
against ventilation (I. min-1) pre- and post-trairing for the experiment 
reported in Section 44. 
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Appendix 4-4.3.2 (cont. ): Individual results for breatWessness (VAS; mm) 
against ventilation (l. min, l) pre- and post-training for the experiment 
reported in Section 4-4. 
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Appendix 44.3.2 (cont. ): Individual results for breathlessness WAS; nim) 
against ventilation (I. min-1) pre- and post-training for the experiment 
reported in Section 44. 
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Appendix 44.3.2 (cont. ): Individual results for breatWessness WAS; mm) 
against ventilation (I. min-1) pre- and post-training for the experiment 
reported in Section 4-4. 
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Appendix 5-3.4a: An example of the slope, 
intercept and threshold values for the 
ventilation/breathlessness relationship 
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linear eqn; y=0.939x - 12-776 
slope = 0.939 
intercept = -12-776 
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Fig 5-3.4b: An example of inappropriate linear 
modelling due to'threshold' Borg values 
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APPENDIX 6-lZ8 
POST-TRAINING HEALTH PERCEPTION QUESTIONS USED IN THE 
EXPERIMENT REPORTED IN SECTION 6-1 
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Appendix 6-1.3.2a: Minute ventilation (1/min) 
against time (sec) for pre- and post-training IET 
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Appendix 6-13.2b: Minute ventilation (1/min) 
against time (sec) for pre- and post-training IET 
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Appendix 6-1.3.2c: Minute ventilation (1/min) 
against time (sed for pre- and post-training IET 
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1441' (11410-11 ism fill, 
Do existing prediction equations define indices of lung function accurately In 
healthy, elderly, female humans? 
AJ. Coliestake and A. K. McConnell 
Dept r)f Himeau Srirpirr-. Lottylshorongh Vitiror. 9ity of richw4miy. Lrers LE11 3r1* 
The published literature eontains little recent inforinatimi nbout lung fune- 
tion in healthy. elderlY populations. Prediction equations nrv oftrii derived 
from cro. Ks-sectional data incorporating few elderly subjects Mall .1 al. 111#0. 
Sinclair 0 al. 1980: Itoberts 0 W. IMM. Lollgittlýlillal (lain I-11gue"t that the 
age-related decline ill Illng functioti 6 1"m marked and (if later oswwt. than ok 
suggested by cross-sectional analyse-4 MurniwK a W, 111SO). The lKilitalatiow- 
used to detý, rniine these predictions often include smoker-s. or rmhjecii- with 
cardiorespiratorýy complaint., (Milne & Williamson. 1970,21. Hall a a/. 
Lung function was ineasturd in 22S 
healthy. elderly. Caucal-14111 %V01111,11 
(70 ±4 years. mean ± S. D.. 60-80 years). who werv non-smokers. tit c-, -mnokrrl, 
of at It-ast five years. Informed consent and Local Ethical Cominitim approval 
werv obtained. Forved vital valiacity (FITI and forced expiratory %-(ilutne lit 
Is (FEVo %tere determined usins., a Vitalograph spironieter. Total lunt: capat- 
ity (TLC). residual volume (M) tind functional rrsidual capacit. y tFIW1 uvre 
measured using a Gould Model S(NK) Body Plethysmograph. 
Measured values for TLC. IRV mid ý11C werv significantly higher thall 
predicted by the equation., of Hall 4 td, (19#9). 'Sinclair 0 al. OPSO) and 
lRoberts 0 al. (1991) (P < 0.05). Aý, much as half of the larger thall expectc-d 
TLC could be accounted for by the larger 11%*. The equation* of Alilne & 
Williamson (1972). -Schoenberg a at 0978) and Hall irt W. (19791 pri'dicted 
significantly lower values for FEV, and FVC (11 < om.! ). The equations of 
11oberts 4 al. (1991) predicted FEX*l and FVC most accurately for our tLubjecti, 
(P > 0.05). Our data eonfirmed that ventilatorýv capacity ithowi, a consiment 
decline with increasing age. but suggest that some existing prediction equa- 
tions overestimate this decline for FEVI and FVC. lit ectntrast. chativel. in the 
indices BX and FRC were underestimated by existing equations. 
Thus. in the absence of disease. insult or iting injury. -oine exi. 4tult: Jill-dic- 
tion equations. do not predict accurately the age-rýlated chatic" ill lung 
ftinction for elderl , v. 
female subjects. 'Nis may. in part. be (lite to tit(- 
assumption of a linear decline in function. the use of both stnokerq tind non- 
smokers. and or the derivation of equations over large age range, -. 
This work %va. - suppontKI by Rebearch into Agrinsr. 
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Maximum static respiratory pressures in healthy elderly human being% 
AJ. Copestake and A. K. McConnell 
Department of Human Sciences. Loughborough Unirrroily of TerhmokV. p. Loughborough. 
Leice. stershire LEII 3TV 
We have recently reported that inany existing regression equations IINMI to 
derive normal values for lung function in healthy. elderly humans do not 
predict accurately the age-related decline in functioýn Wolwstake & McConnell. 
1993). Further to this work. we have examined maximum static ri-spirntory 
pressures in a group of thirty-two healthy. elderly tion-sinokers tor ex-smokers 
of at least 5 years), fourteen male, (70 ±6 years. mean ± S. D.. 61-S4 venrx) and 
eighteen female (70±5years: 61-80years). Subjects stave informed cimsent 
and Local Ethical Committee approval was obtained. 
Maximum inspiratory pressure was determined at functional rr-kidual cnpac- 
ity (. NIIII@FRC) and iýsidual volume and m., kxitnuin expiratory 
pressure at total lung capacity (. MEPVLTL('l. All measurement--, werr inade, 
using a hand-held mouth pressure meter Whest ý, rientifir Ltdi- *ubjects wen, 
seated and wore a nose-clip. Three ineasurvinents wen, made (it) two separate 
occasions. each separated by at least I week. The highest values for each 
parameter, recorded on eithýr occasion. are reported. 
For females. measured values for Mll'(a FlIC (74 ±8 ctnI120: mean J. -S. D. ). 
, 
IIIP@RV (72 ± 27 cmH20) and NIEPq&TLC (94J. 29 ctnII20) were significantly 
higher than predicted by the equations of Chen & Kuo (I 9S91 (P < 0.05.1 test). 
. NIEP@TLC was significantly lower than predicted by the equation of Black & 
Hyatt (1969) (P<0.05). ýhe equations of Wilsorý rt al. (19S41 accurateiv 
predicted all parameters for our female subjects (11>0.051. For our tilaie 
subjects, measured values for NllPqFRC (103±222ctnl[20ý and 1.1111411%* 
(102 ± 19 cmH20) were significantly higher than pri-dicted by tile equations or 
Chen & Kuo (1989) (P < 0.05). Measured values of M11"altV were significantly 
lower than predicted by the equations of Wilson rt al. (19,1.41. a. % -was the 
estimation orMEPr4TU' (137 ± 43 emll. 0i by the equation tif Black & Hyatt 
(1069) (P < 0.05). 
Our data showed a poor correlation between maxinium static respiratory 
pressures and age. particularly in male subjects, Thi. '4 may account for the 
absence of agreement between our data and those of some previouq studies. 
The prediction equation that most accurately describt-d our data 111COrIK)Mted 
height as a function of maximum respiratory inusele presqure (Wilson ft al. 
1984). These data suggest that age alone may not provide an accurate 
predictor of maximum respiratory pressures. and that the incorporation of 
other factors may be required. 
The support of Research into Ageing and (Ust -aentifw tAd is gratefully ac kno-A ledg"I 
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The influence of physical activity on maximum 
static respiratory pressures in licalthy elderly 
human beings 
A. -J. Copebtakeand AA, MiCtaillell 
DelArtment qf 11tiltran Nriencra. boughbonoigh VoitivrXity 
f, f Dchs, ohigy, Lcoughbumugh, birsikirrshory L1.711 jrr 
We have nvently reported that many exisliniz mmmion 
equation-i uzed to (ierive normal valuei-'for nuiximum blAtit, 
respiratory premures do not pix-dia theNe pArdniete" 
dVCUrdtel 
, 
%. ill healthy. elderl ,v 
humatv- (Copestdke & M0 *unnell. 
RY13). Thi, 4 may lw due to their ti, -. uniption of a mrn-lition 
between 31SRýand a, -, T. p1w-wine index of lxxl v %ize. 11ru.. whi ti 
at (IV)2) have reventl 
,v 
rriortt-d that limly t-urfatr irra (INA) 
dnd age tire not good pretlicton, of in %uloymtk over 
55year!. of age. They -uggett that factort, saith it- 'phybital 
fitness' may improve inrp. ý, %iun motleh, I-or MS111' Follo%%ing 
our MWonnell. IVM)%%espv%ullled 
that ph 
, 
psical activity levels maY influenor MSRP in the 
elderl v. We have examined the influentr of ph vikital d(tivity 
level upon maximuni statit. rv%piralory ptr%_%urep in irn 
health%-. elderly volunteel-A r, I±7, yea V.. mean t, -. v.. 
61-84ý, ears: 7, 
ýialft, 3 femalt-). Subje*d%. %sho %irrr non- 
, %mokers (or ex-smokerý, of at 
least 5yeans). give informs, 41 
consent anti Lotal Ethical Commit tee it lllwnvdl wiv, obtained. 
Maximum inspiratory premure u ds determinedat funmonAl 
re., idual Cdpatitý' 011P@FRC) dild irsidual volume 
(3111`@RX'). and imixinium expiratory pres., ure at total lung 
capacity (31EI'CaTLC) u-, ing is hand-livid Mouth hr!,, -utr Meter 
(Chest -Scientifie Ltd).. subjecut were wdtt%l anti %voir a ncv-r-t lilt 
Tbree measurements wetv made: the hirlie-t value for eAth 
1-mrameter Li reported. -'Sultjects rt, 11jilled all pllylýittil 4(tivitles, 
of greater than 2V min duration for d lperiotl of 4% re6. Enetgy 
expenditure ! icore% werr dsirned to th"- m, tivitim in 
at-vordanve with methcK6 w, "I in the Allisil Dunisat NAtional 
Fitneý,, -Nurvev (PPJ2). Towl ent-ruy expenditurt- w&- uken d. 
our me&, ure of phY%ical activity. 
Phvýý, iual activity (kciil) u-a!. vorrelateil loositively %%ith 
. 
A1EP6TLC(r=ll-644U4. P-IM445). Nil IlCtl FVC frow 0-792,11. 
P=O, X)W)and MirCOORV P-011"(4). l'beir 
no correlation between any of the three indk*,. -- of And 
dze. or anv index of Wdy siu O. e.. swturr, nut%.,. USA) 
The,, e data buggest. that in healthy. elderly embrits, 
phybical activity 6 an importani determinant of 
mpiratory nittAie strength and hhould lie ton-mlered %then 
attemptinz to predict normal value- for maximurn static 
re, piratory prezsurt-s in the elderlý . 
Ili is work was suppot ted loY R~A is Is I nto A reing 
RE FF. tl EN"Cr-*4 
All## d both on r Nalmaral Fit", ss %* nvy I 11P. 124), Ctomtu It &114J I lip 
Health FAluvation Authont v 
biwwhi. 
- 
Crrvem I., Zui4. WC.. FAnfullA. F Fic: strimm. Lc 11 LGIll"I. C Aso, P- Ptapir AA 146,1 Pli-TIO 
1 . 4,, -14' A. K (140 J J'*v-wi 467. Nl' 
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Reproducibility of two rating scale$ for 
breathlessness in healthy, elderly human beings 
A. -J. Colwstake and A. K. lIc-ContivIl 
Do-parlittoott (11 Human baighb(onatyb 
(, J' Technology. boaglobrinpeigh, Loirrý,, Irrahjn LEII JTI* 
Hatinws of breathlemne&s umn: the Vistial Analogue -Nalv 
(%*A*. -, ) and the moilified Borl: xuale (BONG) div 
in healthy young r-ubjects (Adanim et al, 11KII: Wilmmi 
Jon". 11.01. r"pectivel, Y), We have examined tlttx i. ýmw in 
tell health v. rlderl v Vol till wers (, I ± 7, Y ear%. flivill) ±-b. 
61-84, year-: 7 maleb. 3 femalt-0 subjea%. %%ho %tew non- 
smukers lot- rx-mnoker-t of at Ica-t .1 yrart, ), &:. ive mformt4l 
('01hRlit Allid 1AWAI Ethit'al ('011111111tel' AIII)MV41 %AA!. 
Obtained. 
-subjet-ts Iwi-forilled racittlY -Ata te CxCITL-e oil a vy(le 
ergometer at a num1wr of uorkload, Work rate- loultan at 
0W and increwsed by 10 or LN) W until the sulip i (ould nis 
longer adlieve it %teadl. state. 
Breathlemne" mii- rmed 
ever v : i(, P- (Ittrinu the it lial 2) tuill of ral 11 Istillt of- e%rix Iw 
sul)ieluts %%el'e h1litIO1111 *v 
to m-c elther 1114. VA., - fir 
BOM; m-ale and wml the alternative bt-Ale ma re-teA 
approximately I week later. 'nie elitile protmlilir %%it. 4% 
repeateil after it 4 ueek interval mich that milsývi t. - ti,, "I Im)tI1 
rating suales- twi(vý For eat I) - 11 I)je( t ratinz. % cof 
breathle-, snei, 4 Avere averagini for all workload. s. Itor eat It 
v6it, an (I vo iiiI %i r" I frot ii %% tv k0t ti m ec k 4. 
60 
to A 
40 
30401060 
Won VAS Vve*k 0 Won Wita %%**k 0 
Fizý 1ý 14 11WAll Istralliltwill lotillir. do 'A-k to 41141 
%%t*. k 4 u-m;., VA. N JAI awl smoalilml lk4-v oq-alr oil) %4*1 him 
IV-1111-. -Will Woo- 4 Idt-Ill It. %'. 14014-d lifte IV-1-It -4 110 WAlt -kjUAllt- 
lvvvtýýwll. of - It, 
BOR(; vale ez-finiAt" of breathleNzvim,. t-eparated It% 
(r- WT 41KI 4 weeký,. were significantly vorrelaud 
P=0-0125). There ma, no mrMation lot-tucen rainst. %of 
breat lilevmlms it-ing the VA-S (., m Fi;:. 1) 
Tlie-, e data that over a4 urek interval. the 
BOR(; 
-m-ale provid" more reprulticible raimr- -of 
exertional breathit-smir-v, than the VAS III bralthy. rilleth 
. %Ui)je(, t, i UAIIS! dt yele ergometer. 
Its-wtarb hiu-Avron; 
R F. FE IIE. \*CE: - 
Atum.. L. Claum-. N Luwý 1'. 4 1 -imA wtN74 ti., '%'s 69 7-it, 
11,1kill. 1: ýf' & 11 W (voll) f 14. ý%ff 90, : 1491-312 
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? 
-84.29/P IL, NSPIRATORY MUSCLE TRAINING IN HEALTHY ELDERLY HUMAN BEINGS 
CopESTAKF- AJ. and WCONNELL A. K. 
DeParlme"I of Human Sciences. Loughborough University of Technology. 1, oughborough LEI I JIV. UK 
previous studies have shown that the inspiratory muscles may be tmned in patients with chronic obstructive pulmonary disease. We have 
examined inspiratory muscle training in 26 healthy. elderly non-smokers (70±5 y. mean: tS. D.. 61 to 83 y; II inale. 13 female). Subjecu 
gave informed consent and local Ethical Committee approval was obtained. Two types of inspizatory muscle training device (Istm) wets 
used; the Vitapep (Group A) and a device similar to that described by Larson et al. (1988) Ant. Rev. Rcipir. Dis. 1346.699. (Group C). Both 
types of device were modified to yield placebo versions (Groups 0 and D). Subjects were allocated randomly to one of the four gtoupe &M 
used their INIM for six weeks. Maximum inspizatory pressure was dctemuned at functional residual capadty M11141FRO and tttidud 
volume (NUP@RV). and maximum expiratory pressure at total lung capacity (MEMIM pmr to. and Mer training. using a hand held 
1.1outh Pressure Meter. There was no statistically significant change in MEPUTLC in any trmp (p>0.03. t-test). Groups A and C showed 
significant increases in both N11PORV and NIIPQFRC (p<0.05). This increase was not seen in either of the plambo groups (B of D) 
(p>0.05). We conclude that. irrespective of the type of IMM usedL it is possible to train the inspiratory muscles of bealiby. Oduly 
subjects. 
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on 
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INSPIRATORY MUSCLE TRAINING REDUCES EXERTIONAL 
BREATHLESSNESS IN IIEALTIIY ELDERLY MEN AND 
%VOi', IEN 
Copestake AJ, McConnell A. 
Department of Human Sciences, Loughborough University. 
Loughborough. Leicestershire. England 
It is accepted that respiratory muscle strength declines with advancing age 
and that inspiratory muscle weakness is associated with an increase in 
exertional breathlessness. This study examined the innuence of inspiratory 
muscle training (11611) upon breathlessness in 15 healthy. elderly non. 
smokers (70+5 y, mean+SD, 8 male) who gave informed consent. Local 
Ethical Committee approval was obtained. Using a double blind study 
design, subjects were allocated randomly to train with either a pressure 
threshold inspiratory muscle trainer developed in this laboratory (n-8). or 
a sham device (n-7), for ten minutes. three times per day for six %vecks. 
NI&ximum inspiratory pressure was determined at residual volume 
(NIIP@RV), and maximum expiratory pressure at total lung capacity 
(MEP@TLC) using a hand held mouth pressure mcter (Precision Medical). 
Breathlessness was quantified during incremental treadmill exercise using 
a modified Borg Scale: a mean Borg score was calculated for the test. All 
measurements were repeated after training, at which time subjective 
assessments of functional capacity were also made. rollowing training. 
there was no change in NIEP@TLC in cithergroup. NIIPORV increased 
significantly in the training group (19.9+SD 15.3%, p<0.003, west). and 
these subjects also displayed a significant reduction in mean Borg score post 
training (21.4±SD 14.911, p<0.006. t-test. 'Mere were no such changes in 
the control group. These improvements were supported by the subjective 
analyses: 75110'o of training subjects reported an improved perception of their 
breathing, compared with only 14% of control subjects. Also, 620.; of 
trained subjects were less breathless doing tasks %%hich had made them 
breathless before training, %%hilst all control subjects reported no change. 
These data suggest that [NIP alleviates exertional breathlessness in healthy 
elderly men and women, and conveys considerable perceptual improvements 
in their quality of lire. 
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